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In preparing a Second Edition of ' Practical Hydraulics ' consi- 
derable alterations and additions have been made. To facilitate 
reference, the work has been divided into Chapters ; additional 
Kules for Culverts and other subjects have been given, including 
several new Tables, and an increased number of Illustrations. 
These alterations were so considerable, that it was found neces- 
sary to re-write the whole, and thus opportunity was given to 
introduce much new and valuable information, which, it is 
hoped, will increase the usefulness of the work. 

Bath, July, 1870. 



PEEFACE TO THE FIEST EDITION 



The reader must not expect, in this little book, an exhaustive 
treatise on Hydraulics ; many such have been written, and they 
leave little or nothing to be desired. This work consists of 
a series of Rules and Tables, giving unusual facility for the 
solution of questions which occur in the daily practice of 

v En « ineer8 - 

For the two leading questions — the Discharge of Pipes, and 
of Open Channels — two sets of Tables are given, the reason for 
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which may not be obvious ; but it is impossible to give Tables 
combining extreme facility with extreme accuracy for low heads, 
and the author has therefore given two Tables, one giving accu- 
rate results in all ordinary cases with the least possible labour, 
and the other giving, with more labour, exact results in extreme 
cases. 

For the most part the Kules and Tables have been long used 
in an extensive practice, and the principal reason for publishing 
them is the author's desire that the profession from which he 
has retired may have the benefit tf Tables, &c, which for many 
years have been very useful to himsell 

"PUflpmAT/ttj GrASMKBE, 

July, 1867. 
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CHAPTEE I. 

DIS0HAB6E OF APERTURES, PIPES, &C. 

(1.) " Velocity of Efflux" — The velocity with which water 
issues from the side of a vessel, as at A, Fig. 1, is the same as 
that of a body falling freely by gravity from the height H, or 
the distance from the centre of the orifice to the surface of the 
water. This velocity is given by the rule : — 

V = V H X 8 

In which H = the height or head of water in feet, and V = the 
velocity in feet per second. From this we may obtain another 
rule giving the discharge in gallons, which becomes :— 

G = VHxd'x 16-3 

In which H = the head of water in feet, d = the diameter of 
the orifice in inches, and G = gallons discharged per minute. 
Table 1 has been calculated by this rule. 

These rules give the theoretical velocity and discharge ; for 
application to practice, they may require some modification to 
adapt them to the particular form of the orifice. 

(2.) " Discharge by an Orifice in a Thin Plate" — It has been 
found by experiment that, when the discharging orifice is made 
in a thin plate, the converging currents of water approaching 
the aperture cause a contraction in tha town, so that 

instead of a parallel or cylindrical jet, k conical one 

of the form shown by Fig. 2, the gres ^% ^ 
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the point C, whose distant from the plate is half the diameter 
of the orifice, and its diameter -784, thai of the orifice being 1. 
The form from B to C may be taken as a carve, whose radius is 
1 *22 times the diameter of the orifice. 

Now, the foregoing rule gives the maTiimim velocity, or that 
at the point of greatest contraction C, and if the diameter be 
taken there, the rules would give the true velocity and dis- 
charge without correction. But it is obvious thai the velocity 
at the aperture itself (or at B) would be less than at C in the 
ratio of the respective areas at the two points, or as 1* to *784* 
or 1 to • 615, and in that case, the diameter being taken at B, 
the velocity there would become V = ^H X 8 X 615 and the 
discharge G = VH X<?X 16*3 x *615. From this we get 
for apertures in a thin plate, the rules : — 

G = VflX <**X 10 
G 



H 



200 



\d*x 10 ) 

Thus, with 3 inches diameter and 16 feet head, the discharge 
would be VTo X 3* x 10, or 4 x 9 x 10 = 360 gallons per 
minute. The head for 150 gallons per minute with 2 inches 

diameter = ( -; ^ J = 14*06 feet; and the diameter for 

\4 x 10/ 

(200 \* 
471t u\) 

2*11 inches, &c, &c. 

(3.) u Discharge by Short Tubes." — When the aperture is of 
considerable thickness, or has the form of a short tube, not less 
in length than twice the diameter, the amount of contraction is 
found to be less, and the discharge greater, than with a thin plate. 
Fig. 3 shows a tube 1 inch diameter and 2 inches long; the 
greatest contraction is in that case * 9 inch diameter, and its f *- 
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portional area • 9 s = • 81, or say • 8 of the area of the tube. For 
short tubes therefore the rules become : — 



G = VHx#Xl3 
W*X 13/ 



H 



4 ' ° 



WHx 13/ 



VH X 13 

Table 2 has been calculated by these rules ; thus, for a 7-inch 
pipe discharging 450 gallons, the Table shows that the head 
necessary to generate the velocity at entry is 6 inches ; this is 
irrespective of friction, which, in fact, for so short a tube as the 
rule supposes, would be practically nothing. This Table applies 
to all cases of pipes ; for instance, Fig. 4 shows the inlet end of 
a main from a reservoir, which will require for the velocity at 
entry alone the amount of head shown by the Table. When, as 
is usually the case, the pipe is of considerable length, the head 
due to friction must also be allowed for. 

(4.) " Friction of Long Pipes" — With a long pipe there is not 
only the loss of head due to the velocity at entry, but also 
another loss due simply to the friction of the water against the 
sides of the pipe, so that in all cases the head consumed may be 
considered as composed of two portions : — one, the amount due 
to velocity of entry, irrespective of friction ; and the other, the 
amount due to friction alone. Thus, in Fig. 8 the head h gives 
a certain velocity of discharge by the short pipe A ; but to give 
the same velocity in the long main B C, the head H' is necessary, 
of which h' is consumed in generating the velocity at entry, 
being the same as for A, and the rest, or H, in the friction of 
the long pipe : the total head is, of course, the sum of the two. 

(5.) The loss of head by friction may be calculated by the 
following rules : — 

(3d) 5 
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FBICTION OF LONG PIP1S. 

(3d) 5 XH 



L = 



G° 



In these rules d = diameter of the pipe in inches. 

L = length in yards. 
H = head of water in feet. 
G = gallons per minute. 

These rules require the use of logarithms to work them easily : 
thus, to find the discharge by a 7-inch pipe 3797 yards long with 
45 feet head, we have : — 

7 x 3 = 21 = 1-322219 

5 



6-611095 
X 45 = 1-653213 

8-264308 
— 3797= 3-579441 

2)4-684867 

2*342433 = 220 gallons per minute. 

Again, to find the head necessary to discharge 320 gallons per 
minute by an 8-inch pipe 3457 yards long, we have : — 

320 = 2-505150 

2 



5-010300 
X 3457 = 3-538699 

8-548999 
8 x 3 = 24 = 1-380211 x 5 = 6-901055 



1-647944 = 44-46 feet head. 



And again, to find the diameter for 110 gallons per minute with 
56 feet head, the length being 273 yards, we have : — 
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110 = 2 041393 

2 



4-082786 
X 273 = 2-436163 

6-518949 
-=-56 = 1-748188 

5)4-770761 

•954152 = 9, and J = 3 inches diameter. 

o 

Table 3 has been calculated by these roles, and will greatly 
facilitate the calculation of pipe questions, it also has the great 
advantage of requiring only the simple roles of arithmetic. 

(6.) 1st Haying G, L, and d given, to find H. In the Table 
opposite the given number of gallons, and under the given 
diameter, is found the head doe to a length of one yard, and 
multiplying that number by the given length in yards, gives the 
required head of water in feet Thus, taking our former illus- 
tration in (5), the head to deliver 320 gallons per minute by an 
8-inch pipe 3457 yards long — opposite 320 gallons in the Table, 
and under 8 inches diameter, is -01286 feet, and '01286 X 
3457 = 44-46 feet, the head nought 

(7.) 2nd. To find d, having H, L, and G given. Divide the 

given head of water in feet by the given length in yards, and 

the nearest number thereto in the Table opposite the given 

number of gallons will be found under the required diameter. 

Thus, to find, the diameter for 110 gallons per minute with 56 

56 
feet head, the length being 273 yards, we have 5=5-= '206,look- 

ing for which in the Table opposite 110 gallons we find it under 
3 inches, the diameter sought (see 5). Again, to find the dia- 
meter for 320 gallons, 20 feet head, and 1600 yards long, we 

20 
nave tfhk = '0125, the nearest number to which, in the Table 

(-01286) is found under 8 inches, the diameter sought. In 
most cases the tabular number will not be the exact numbei\ 



3 ;_ 



HEAD FOB FRICTION OF LOUfl PIPtS. 












§ g g g 3 5 x. 1 i- j g ~ * ! 7 " 



32R§o~ 3 =.;■ :;: - : - z 



ilsillli 



HEAD FOB FRICTION OF LONG 1'II'KS. 



r i >_.;—:' : i^ ■ - t ■■'■ - . - t : : ■ : - ': : - t - ■ :■: ?j ■-_! 

9 ^ ; : I y £ ^ - f i^pi^ 3553 = 3 o 

• ~. -^ - 2_! £ f; — : i -j." r- -._ :-. ij — :- i~. : : . ■'_- - r- 

S^ - =-' - j; -" i^" = = :::;;- - ;" 3 ;' " ^ ^i 

p p ^ ^ :: ;;c o ;=■:=. c co^^ o o o 



I!|i5f5=:=i 












^- c= ji i. i; -:• i'-. ->. ;■-. V. — — rv r- I '- r - >. ~, ri -i ; .'-, 
-»«-■=" ^-3-llZ SZZZZ J3S.S3 StS 



ssssssisasiiiisiissiis, 



10 



HEAD FOB FBICTION OF LONG PIPES. 



OS 



00 



CO 



o 



CO 



CO 



CM 



CM 



a 4 

5 *- a 

1*3 



00713 
00759 
00805 
00853 
00903 


rHCOOlO rH 

IflOCOHt* 
OS O O rH rH 
O rH rH rH rH 

OOOOO 


OS 00 OS rH rH 
CM 00 rH rH t^ 
CM CM COrH rH 
rH rH rH rH rH 
OOOOO 


OS to CO CM 
CO © b-rH 
tO © © b- 
rH rH rt rH 
OOOO 


•01884 
02032 
02185 




rH t^OSCO t* 
CO C" i— i 00 l> 

00 ©lO CO CM 
CM CO rH tO© 
i— 1 i-H t— I i— 1 rH 
OOOOO 


rH CO CO CO CO 
OS CO O OS rH 
rH rH rH O rH 
t- 00 OSO rH 
rH rH rH CM CM 
OOOOO 


tO CO COrH CO 
lO CM rH CO l> 
rH CM CO rH tO 
CM CO rH tO CO 
©* CM CM CM <N 
OOOOO 


027745 
028938 
030156 
031400 


033962 
036624 
039388 


• 


t^OSrH OOO 
©©CO © t^ 
O CO OOO rH 
CM CM <N CO CO 
OOOOO 

• • • • • 


CM CO rH 00 CO 
lO CO CM rH rH 
CO *C t* OS rH 
CO CO CO CO rH 
OOOOO 

• • • • • 


O OOrH OS CM 
CM C<l rH tO 00 
CO O t^ OS rH 
rH rH rH rH tO 
OOOOO 

• • • • • 


•05409 
•05642 
•05880 
•06122 


•06622 
•07141 
•07680 


©©lO t^-rH 
OS CO t^CM 00 

r-t CO rH 00 »0 
rH t^rH rH 00 

»o to co co co 

OOOOO 


t^CO rH CM 00 
rH rH OS t^»0 
rH rH rH CO OS 
CMCOOrHOO 
t> 1^00 00 00 
OOOOO 


o 

lO rH tOCO b- 
CO 00 rH rH OS 
CO t>CM t^rH 
OS OS © O rH 


©CM© © 
OS Os © CO 
© i-H b- CM 

i-H CM CM CO 


OH tO 
© CO OS 
COrH tO 
rH tO © 








13486 
14342 
15224 
16133 
17068 


OS t^rH CM 00 

CM r- CO t^CO 
OO OOrH 
00 OS O rH CM 
rH rH CM CM CM 


rH 

CO to OS CO CO 
CM CO rH CO 00 
CO rH tOCO t> 
CM CM CM CM CM 


OS rH CM CM 

©CO © OS 
OS ©i-H CM 
CM CO CO CO 


rH©© 
©rH CO 
lO 00 rH 
CO CO rH 




tO© to CO 00 
rH t>rH CM rH 
rH CO CO OS CM 
rHrHrH rHO 

• • • • • 


•5502 
•5803 
•6112 
•6430 
•6755 


OS 

00 CO 00 CO © 

© rH b- rH tO 

t-b-t^oooo 

• * • • • 


•887 

•925 

•964 

1-004 


1086 
1171 
1-260 


CMCO tOOSO 

OIQOU3H 
CO 00 OS OS o 

• • • • • 

rH 


CM rH rH CO t» 

r>. co os »o rH 

©rH rH CM CO 

• • • • • 


CM 00 COCO t» 
00 rH rH 00 tQ 
CO rH to tOCO 

• • • • ■ 


©tO rH CO 
00©00tO 
t> CO 00 OS 

• • • • 


2118 
2-284 
2-457 


rHrH00»OCO 

CO rHtO t^OS 
t^OOOSO rH 

• • « • • 

rH rH rH CM CM 


CO CO COO t* 
CO "*H t^rH rH 
CO rH tp l>00 

CM CM CM CM CM 


00 

00 CO b-cooo 

OS i-H CM rH to 

• • ■ • ■ 

CM CO CO CO CO 


r*©©C0 
b«OS ©CM 

CO CO rH rH 


00 CO rH 
to OS CO 

rH rH «b 


V5 OS rH CM rH 
rH 00 t^ CO CO 
CO tO 00 i-H rH 

rHrHrHibo 


OS to OS CM CO 
CO OOO rH 00 
t^ O rfH t^ O 

to CO CO CO l> 


CO 

CO OS to CO rH 

rH t> rH lp OS 

l> i> do do do 


©©rH CO 
CO t> rH to 

• • • • 

OS OS©© 
rH rH 


11-39 
12-28 
13-21 


COO t^-to© 

rH OOO t^CO 

CO rHrH tb © 
rH rH rH rH rH 


O t^-CO t^rH 

co »o to to CO 

l>doos oh 

i-H rH rH CM CM 


00 

© OOOOpCM 

CM CO rH CO t- 
CM CM CM CM CM 


rH ©00 rH 

6*0 OS ©CM 
CM CM CO CO 


b-tO CO 

rH b«© 

CO CO rH 


lOOCOCOCM 

V5 OS CM COO 
o to COCO l> 


rH CMrH t* © 

rH 00 CM CO rH 
t* t^OOOO OS 


lOrHOS b-© 

tb © rH OS rH 

OS O O O rH 


b- 00 rHrH 

OS rH © tO 
rH CM CO CO 


tp©os 

CO 00 OS 
rH tO © 








CO rH CO O CO 

rH 00 lb "*H CO 
CMrH t>OC0 
rHrH rH»0 tO 


CO CM 00 rH t» 

CO rH «0 00 rH 
CO OS CM to OS 
lO to CO CO CO 


00 00OCM t<- 

toocbebo 

CMOOSCO t> 

b-b-b-oooo 


©©©b- 

os do do do 

©rH 00 CM 
OS OS OS O 

I-H 


1112-7 
12000 
1290-4 


oopoo 

« CO r£ tO CO 
CO CO CO CO CO 


OOOOO 
t-OOOS OH 
CO CO O* ^rf* rH 


oppoo 

CM CO^J to© 
*qi ^i tp tji ^* 


©©©© 
b-ooos© 

rHrJHrJHlft 


oop 

CM rH© 

to to to 



HEAD FOB FBIOTION OF LONG PIPES. 



11 



QO 



CO 



IQ 



CO 



CO 



CI 



CI 



02344 
02509 
02679 
02854 
03036 


CHO CO co >o 

CI rH rH i-H CI 
CMrH CO 00 O 
CO CO CO CO rH 

ooooo 


04240 
04460 
04686 
04918 
05155 


05397 
05645 
05899 
06158 


06423 
06693 
06970 




HOOU3H 

CI CM <M rH O 

rH rH *H IO to 
OOOOO 


058077 
061544 
065111 
068778 
072546 


076415 
080384 
084464 
088623 
092893 


097264 
101736 
106307 
110980 


115752 
120626 
125600 





00 CO COrH b- 
CO rH rH rH CO 

CI 00 rH coco 
00 00 OS O O 


rH o»ooio 

CM O OS rH rH 
CO OCO rH i-H 
rH <N CI CO rH 


os co h-ocq 

OS OCO 00 rH 
00 CO rH CI i-H 

rH »o CO ooo 


18965 
19836 
•20728 
-21639 


'22569 
'23520 
-24490 




CI rH CI COrH 
OW rH t»0 
OOO COCO O 
t^OSOrHCO 
r-ir-i CI CI CI 


oocoosco 

OCO CO t>CO 

rn os rH os o 
rH »o ooo o 

CI CI (MCI CO 


CO 00 COO OS 
OS CO 00 rH CO 
l-H 00 »0 CO i-H 
CM CO >0 OOS 
CO CO CO CO CO 


40981 
'42865 
'44791 
'46760 


•48771 
'50824 
'52920 




OrH CMrH CO 
CO rH COOS CO 
rH b-OCO b- 

'♦^IOICjO 


OS CO OrH CD 
00 tO CM rH O 
OrH 00 CM CO 
CO CO CO t>t> 


CM 00 IO CIO 
rH CM IO OS rH 
OrH 00 CM O 
00 00 00 OS OS 


00 ooo 

OS CO rH CO 
CM COrH CO 
OOrHrH 


-2137 
-2648 
■3170 













rH COrH COO 
IO rH rH rH »0 
COrHIOCO O 



co os os o i-h ho cm cuo cm 

iocoos ocm ' 

00 OS OCM CO 



Tht^pWS 



iHi^r-ir^i~* rHrHCMCMCM 



rH»0 l>00 
CM CM CM CM CM 



CI V5 rH rH COOSOJ 

HOOO OWH 

rH CM rH O OOO© 

• • • • • • • 

CO CO CO CO CO CO rH 



3 



O rH OS CI 

..NHOH 
CO 00 OCM rH 

CI CI CO CO CO 



CMOS i-HO>0 
CI CO CO OS CM 
CD GOO OHO 

• • • • • 

CO CO ^H rH rH 



COrH CO 00 rM 
CO rH CO CM OS 
O O OHO O 

rHibibibo 



OCOrHCO OrH» 

COrH COCI CMC! CO 

o cp co os cm ipqo 

coco cbcb o o o 



OS OS rH COO 
COOiO OS CO 

ibcbcbcb o 



COOCOrHOO 
COCO OrH O 

• • • • • 

O 00 00 OS OS 



OrHOS»OCI rHCIOOCO rH CO rH 
CO 00 CO OS »0 rHOCOOS CO CM OS 

OOrHrHCM CO CO rH rH IO CO CO 



O ooscoio 

rH rH rH CM CO 

rH «bcb t*do 



OOrHrH t> rH 
rH CO 00 O CO 

OS O rH CO rH 
rH CM CI CM CM 



COCOCOCOCO COCOCOCO COOrH 
COOSCOOrH CO rH CO CM OOrHrH 

• ••■• •••• • ^» • 



IO CO 00 OS rH 
CM CM CM CM CO 



CM rH O t> 

CO CO CO CO 



00 OCM 
COrHrH 



CM COrH COO 

CO COOS CM CO 
rHrH^lOiO 



rHOCOrHCI 

OS CO COO rH 
IOCOCO OO 



CM CO rH t>>0 

00CM cbo»b 

l> 00 00 OS OS 



JO rH 00 CO lotoeo 

OS rH 00 CO 0OCOO0 
OS OO rH i-H CMC! 



CI OCO OO 

CM >o 00 CI CO 
00 OS O CM CO 
rH rH CM CM CM 



IO IO OS OO 
o «o O CO CO 

IO CD 00 O rH 
CM CM CM CM CO 



COCOCOCO t> CO OS CO CO 



OS CO 
CM rH 
CO CO CO CO 



rH CM 

CO 00 



o 
o 

rH 



OSOO 00 00 
^ji ^9* ^» ^» 



^H ^ Oi 

• • • 

OS O i-H 
OS CM rH 
rH»OiO 



CM rH 00 ip»0 

rH rH rH IO CI 
00 00 00 00 OS 
C0rH»OCO t> 



OCO CM CO 00 

cm cb cb cbcb 
O i-H co »o O 
OS O i-H CM CO 
i-H CM CMC! CI 



IO CO OS lOrH 

CO CO CD CO CO 
O CO CO OrH 
IO CO OOS O 
CM CI CM CM CO 



CO rH OS O 

CO CO <N CO 
00 CO 00 CO 
rH COrH CO 
CO CO CO CO 



rHOO 
CM CHO 

os »o »H 

OOS r-» 
CO 03"* 



S 4 

O t- 

I s ! 



OOOOO 
00 O CM rH CO 
IO CO CO CO CO 



OOO OO 
00 O CM rH CO 
CO OOO O 



ooooo 

OOO CM rH O 
OOO 00 00 00 



OOOO 

00 O CM rH 
00 OS OS OS 



OOO 

CO 00 O 
OS OS O 



t* \ 



HKAD FOE FRICTION OF LONG PIPBB. 






im'i 



isggg i 



ssi -J33J -K'js i 



ggg sssl 8S 



illll 11 






so osoo 9 9 9 






-J? 






- -:. r r. 9 3 OOO 









HEAD FOB FltlCllOW OF LONG FIFES. 



: i 



"i^=_ SSfir-g \z m % 



ill nil ill 



: i r : f : ^ : :■ p c .: : ; : ; z i ; c ; : 



;;.;;.; s55i ; 5 55s 5 



HIAD POR OTtlCTION OF LONG PIPES. 



Ill lillS fill 



fill n 



II lllll III? Ill 



isiMHIMMM: 









1 FRICTION OF LONG I 









16 FRICTION OF LONG PIPES. 

desired, which will only show that the exact diameter is an odd 
size between the standard ones in the Table. But by the former 
rule in (6), this can be easily checked ; thus, in our case, the 
true head for an 8-inch pipe would be -01286 x 1600 = 20*57 
feet instead of 20 feet ; but, of course, in most cases 8 inches is 
near enough for practice. 

(8.) 3rd. To find G, having H, L, and d given. Divide the 

given head of water in feet by the given length in yards, and the 

nearest number thereto in the Table, under the given diameter, 

will be found opposite the required number of gallons. Thus, 

to find the discharge of a 7-inch pipe 3797 yards long with 45 

45 
feet head, see (5), we have • = • 01185; and looking for this 

under 7 inches diameter, we find it opposite 220 gallons, the 

discharge sought. Again, for the discharge of a 10-inch pipe 

40 
3000 yards long with 40 feet head, we have ^r^- = -01333 ; 

3000 

and the nearest number to that we find to be * 01384 opposite 

580 gallons, the discharge sought. 

(9.) 4th. To find L, having H, G, and d given. Divide the 

given head by the head for one yard found in the Table under 

the given diameter, and opposite the given number of gallons, 

and the result is the required length. Thus, to determine the 

length of 4-inch pipe to consume 12 feet head with 130 gallons 

per minute, we find under 4 inches and opposite 130 gallons 

12 
•0679 the head for one yard, and hence = 176 yards, the 

length sought. 

(If ) To avoid a needless extension of the Table, we nave 
given only the principal numbers from 1 to 90, and from 1000 
to 100,000 gallons, leaving the intervening numbers to be sup- 
plied from the body of the general Table. In order to do this, 
it should be observed that the head varies as the square of the 
discharge, so that, for instance, ten times any given discharge 
will require 100 times the head, &c, &c. Thus, with 100 gal- 
lons, the Table shows that a 5-inch pipe requires '01317 foot 
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head per yard, tlien with 1000 gallons the head would be 

•01317 
■01317x100=1-317 foot; and with 10 gallons ^q Q - = 

•0001317 foot. The application of this principle to any case, 
in practice is very simple : say we require the head for 3S 
gallons with a 2i-inch pipe 600 yards long. Nat finding 33 
gallons in the Table, we take 330, tbe head for which is 4 ■ 589, 

therefore for 33 gallons it will be-r^r- = -04589. This may 

bo checked by the skeleton Table, which shows that 30 gallons 
require -03792, and 40 gallons -06742 foot; so that -04589 
looks about right for 33 gallons. Then the head required iu 
our case is -04589 x 600 = 27'534 feet. 

Again, say we required the Lead for 2800 gallons with a 
15-inch pipe 500 yards long. Horo we must take the Lead 
for 280 gallons from the Table, which is -0004248: for 2800 
gallons, therefore, or 10 times the quantity, we should have 
•0004248 x 100 = -04248 foot. Checking this by the skeleton 
Table we find ■ 0487 foot for 3000 gallons, showing that ' 04248 
foot for 2800 gallons is about right. Hence thu head sought 
is, in our case, -04248 x 500 = 21-24 feet. 

The same principle may be applied when the discharge is the 
unknown quantity; thus, to find the discharge of a 2^-inch pipe, 

700 yards long with 17 feet head, we have — = "02428, 

which, hy the skeleton Table, is somewhere between 20 and 30 
gallons : now, looking in the body of the Table between 200 
and 300 gallons for the same figures (neglecting altogether for 
the moment the position of the decimal place) we find that the 
nearest to 2428 is 2427, which is opposite 240 gallons ; 24 gal- 
lons is therefore the true discharge. Agitin, to find the discharge 
of a pipe 1^-iuch diameter, 200 yards long, with 4 ■ 5 feet head, 

4 5 
we have ^-r-- = -0225, which, by Table, is between 6 and 7 

gallons ; now, looking between 600 and 700 gallons, we find 
the nearest to be 222 opposite 640 gallons, and as we know ttssS, 
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the true discharge is between 6 and 7 gallons, we infer that the 
exact quantity is 6*4 gallons, &c, &c. 

(11.) The 3rd illustration in (8) for finding G may be ex- 
tended so as to give a useful general view of the discharge of 
different sized pipes with the same length and head. Thus, we 
found the tabular number for 3000 yards long and 40 feet head 

40 
to b® oaaa = '01333, and looking for this successively nudes 
oOUO 

different diameters we find that 

A 6-inch pipe discharges 160 gallons per minute 
j> 7 „ „ 235 „ „ 

» 8 „ „ 330 „ „ 

9 440 

„10 „ „ 580 „ „ 

„12 „ „ 900 „ „ &c. 

(12.) "Head for Velocity of Entry"— To the head thus found 
by the preceding rules and Table, that due to velocity of entry 
has in all ca3es to be added, as explained in (4). When the pipe 
is of the common form, with square edges, as in Figs. 3 and 4, 
Table 2 gives the head for velocity direct. For very long pipes 
this is so small in proportion to the head due to friction, that it 
may in such cases be neglected, and we have omitted it for that 
reason in the preceding illustrations ; thus, we found in (5) and 
in (6) that with 320 gallons, by an 8-inch pipe 3457 yards long, 
the head due to friction alone was 44*46 feet. By Table 2 it 
will be seen that the head for velocity at entry is rather less 
than 2 inches, so that in such a case it may be neglected. But 
when a pipe is very short, the head due to velocity may be 
much greater than that due to friction, and the most serious 
errors may be made by neglecting it. Say we had an 18-inch 
pipe, 20 yards long, discharging 3000 gallons. By Table 3 tho 
friction is • 0196 x 20 = • 392 foot ; and the head due to velocity 
by Table 2 is 6 inches, or * 5 foot, being more than that due to 
friction; so that the total head is '392 + *5 = '892 foot. 

(13.) When, with a very short pipe, the head is given and 
the discharge has to be calculated, the case does not admit of a 
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simple direct solution, because we cannot tell beforehand in 
what proportions the total head at disposal has to be divided 
between overcoming friction and generating velocity. We must 
for such cases, apply a useful general law (27), which may be 
stated as follows : — " The discharge by any pipe, or series of pipes, 
is proportional to the square root of the head;" and conversely, 
" The head is proportional to the square of the discharge ;" and 
these laws are true in pipes with bends, jets, contractions, &c. 
Thus, say we require the discharge of a 12-inch pipe 5 yards 
long with 10 feet head. Assume a discharge, it is unimportant 
whether the assumed discharge is near the true quantity or not, 
or whether it is too much or too little. Say, in our case, we 
take it at 1000 gallons per minute, then by Table 3 the head 
for friction is -01653 x 5 = '08265 foot, and the head for 
velocity is, by Table 2, about 4 inches, or • 333 foot, making a 
total of -08265 + -333 = -41565 foot, instead, of 10 feet, the 
head at disposal. Then applying the law just given, we have 

1000 x VT0 1000 x 3*162 

, = tttt^ = 4905 gallons. Now, if in 

V- 41565 '6447 8 

this case the head due to velocity had been neglected, the dis- 
charge by Table 3 would be -^- = 2* = 11,000 gallons, which 

is more than double the true discharge. The Table 2 gives the 
greatest possible facility for making the calculations of head due 
to velocity, which should never be overlooked in cases where 
the pipe is short. 

(14.) "Loss of Head by Bends" — There is another source of loss 
of head in pipes — namely, change of direction, or bends. The 
best formula for calculating this loss is that of Weisbach, 
which may be modified into the following : — 



H = j-131 + (1-847 x (-|fc)*}x 
andV'= 960 * H 



Y 2 X0 
960 : 



X {-181+ (1-847 x (£)*}; 



c^ 
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In which H = the head due to change of direction, in inches, 
r = radius of the bore of the pipe, in inches. 
E = radius of the centre line of the bend, in inches. 
<j> = angle of bend, in degrees. 
V = velocity of discharge, in feet per second. 

Thus, say we require the loss of head by a bend of 9 inches 

radius in a 6-inch pipe, discharging 800 gallons per minute, with 

6 a 
an angle of 55°. A 6-inch pipe containing roughly — = 1 • 2 

gallon per foot run, the velocity of discharge will be y^ — 

= 11-1 feet per second. To find f-^r V , or in our case (y V > 

q 
wehave-^-= -3333. 

Then the log. of -33?3 =T- 522835 

7 



2)4-659845 



2-329922 = -02137 = (-|V 

Then {• 131 + (1-847 x • 02137 1 x U ^00 ^ = 1#2in ch, 

the head required. 

Table 4 has been calculated by the second formula. The first 
part is adapted to bends of the radius usually met with in 
practice ; this may vary slightly with different makers, but not 
so much as to affect the result seriously. Fig. 6 gives the pro- 
portions of the 8-inch bend as an illustration. The second part 
of the Table gives the loss by quick bends of the proportions 
given by Fig 7, which are sometimes necessary in special cases ; 
they are commonly named " elbows." 

Table 4 requires but little explanation ; it shows, for instance, 
that an ordinary 8-inch bend, with 18 inches radius, consumes 
3 inches head when passing 1970 gallons per minute ; but a 
quick 8-inch bend with 6 inches radius consumes 12 inches 



LOSS OF HEAD BT BENDS. 



21 



O 

Hi 
H 
O 

W 



o 

w 
o 



p 
p 



C5 



GO 
CQ 

o 

CO 

5 



bOP 

w 



PS 

w 
EH 



00 

p 



w 



•J 
pa 

< 



o* 

o 
oa 

h 
O 

S 

« 

© 

s 
S 

B 


18 1 24 


z, 

M 
W 
Pi 

g 

o 

M 

Q 
m 

o 

h3 

«< 

o 


00^ COHH HH 

O rH CM i* CM 

CO 00 Hi CM rH 

rH CM CO 


CM CM 00 000 

00 t"»Hi CT> rH 

CM O Ci CO O 

^K5CD 00 CN 

i— 1 


11184 12914 ! 15813 ' 18268 
15759 18196 22284 [ 25740 
20940 24178 29610 34200 

26862 , 31016 : 37983 43870 

i i i 


Oi O CO Tt< ^ 

O O CO "^ 00 

CO l>CM Oi t^ 

rH rH CM 


OOi* O <N 00 
0(NHl>-0 
t"»00 © (M CO 
CO <* CO l> o 
r-i 


CM 

i-H 


CM COCO CO CM 

o i^ o oo t> 

CM O OO CM 
rH rH CM 


COOCM CO O 
CM h* i-H CO Oi 

QOOOrH 
CO CO ^ >o 00 


Ci 


Oi 00 CO "*» 00 
rH Ci i^- r>co 

CM i*t 00 CO Ci 

rM r-i 


CM rH Hi CM CO 
CM rH 1T5 Hi O 
CO HH CM r-i CO 
CM C0i*O l> 


CO 


a> t> co cm h- 

t^O rH CM O 

rH -^ |> r-i ZO 
r-i rH 


HO'fHOiO 

hh co r>a» o 

rH l> -rfH i—t O 
CM CM CO^ CO 


HH OO l> 

00 t^ O CO 

rH 00 rH Oi 

Oi CM r>rH 

rH r-i CM 


o 


CO rH ©«* l> 

CO I>OCM CO 

rH CO COO "^ 
r-i r-i 


KIMONO 

o hh r>co oo 

Ci O rH GO HH 
rH CM CO COO 


8336 
11745 
15607 
20021 


"* 


CO <N CM CO CM 

i*t CO 00 rH i-l 
rH CO OOi CO 

rH 


CO Hi CO 00 CM 
i* t^CO CM O 
t"»CM CO Hi Oi 

i-l CM CM CO -*« 


CO CO ooo 
O O CO o 
Hi O Oi Oi 
l>OCO l> 
rH rH rH 


CO 


CO OOi* CO CO 

cm ooo a co 

rH CM O t^rH 

rH 


i* O CO OOO 
rH t>0 CO Hi 
O Cii* Ci CM 
i-" *H CM CM •«*• 


l> 00 Oi 00 
O Oi CO o 

HH O O O 

COOiCM O 
i-i rH 


CM 


CO O rH CO 00 
O CO rH Hi CM 
rH CM -^ CO Oi 


CO 00 o ir« CO 
CO O O CM CO 
CM CO O tH HH 
r-i r-i CM CM CO 


rH 00 O rH 

t*CM r>co 

CM HH CO CO 

O l>Oi CM 

r-i 


c 

1 






rH CO CO rH CO 

00 O O CO O 

CM CO »0 00 


o CO t*o« 

OOMOO 
O 00 t> r-i O 
rH r-i r-i CM CO 


|>OO00 

CO CO O CO 

O -f O Oi 

•«*• CO 00 o 

r-i 


rH 


CO CO rH 00 CO 

l>CD CiO O 

rH CM -^1 CO 


iH t<- CO i* rH 

|> CO rH rH O 

00 r-i Hi t"» Hi 

rH rH rH CM 


3228 3728 
4549 5253 
6044 6980 
7754 8954 




Mr* 


CO H* CM CO 00 
COi* o Cico 

rH CM COO 


O 00 CM 00 CM 

l>Oi CM -* rH 
r-i r-i CM 


Hn 


O <-h OCM CO 
r-i CM CO -^ 


00-* CM <N CO 

rH O O rH CO 

COOOOCM l> 

rH rH i— 1 


o -^ o o 

CO rH CO CO 
CO l>Oi CO 
CM CO "^ CO 


h* 


CO CO O Ci 00 

CO 00 <*i CM CM 

rH CM CO 


t^OCOi t^-O 
CO COO OCM 
•«*• O l>00 CM 

rH 


1317 1864 
1857 2626 
2467 3490 
3165 4477 


H» 


O 00 CM CM CM 

CM O O COCO 

i-" r-i CM 


Oi CM rH CO CO 
O O O O CO 
CO"* O CO 00 


Radios of 
Centre 
line of 

Rpnd In 


'si 
<i 

> a 

l»-t 


CM CM CM 00 00 


00 00 00 00 rH 


"+■ l>OC0 
CM CM COCO 




I 


of the 
Pipe in 


incnes. 


CM CO"** O CO 


t^ 00 Oi O CM 

r-i rM 


O 00 rH H4 
rH rH CM CM 





00 CO CO CM ->*( h< 00 

H H CO CO t* Tf* o 

CO CO Oi CO I>CM l> 

r-i r-i CM CM 




CO ^ -*H O CO O 00 

r> co co o co co oo 

CM O 00 rH O Oi 00 
r-i r-i r-i CM 




"*• CO CM T* CO CO O 

i-i CO CO Tt< O GO O 

CM -^ CO Oi CM O Oi 

i-4 rH rH 




O 00 rH CO CO H< O 

Oi t^ Oi rH oo r> oo 

rH COOCOO CO o 
r-i rH i— 1 




Oi Oi O CO CO CM Oi 

O O CO CO 00 CM I> 

r-i CO -^ CO 00 rH CO 

i—i rH 




O CM OOO Oi "H Ci 

Hi CO tM O — CM O 

r-i CM Hi CO CO O -M 

r-i rH 


• 


O CM HH T* "*» t> CO 
CO O Oi "«* CM rH CM 
r-i CM COO t^Oi rH 

r-i 


n 
w 


CM CO rH <N Oi CO O 
rH r-i <* r> CM Oi t> 
rH CM CO •"*» CO t* Ci 


» 
o 


CM 00 00 O CM O CO 

Oi I> t> CO i-i t» Oi 
rH CM COO CO t* 


i 

Eh 


Oi ^H rH CO CO rH Oi 

l> O tM CO t^ CO 00 

rH CM CO •«*• O CO 




O CO t^CM (N COCO 
CO CM Oi t^ CO O CO 

r-i r-i CM CO «* O 




CO Oi O CO "+I CO l> 

O O t* CO r-i Oi 00 
rH rH CM CO CO ^ 




CO Oi Oi CM CO <N 00 

rt< CO CO r> O <N Oi 

r-i rH CM CO CO 




CM CO CO CO rH Oi rH 

CO CO Oi CO 00 CM 00 

rH rH CM CM 




CO it* Oi CO CO rH Oi 

CM -*» CO Oi CM CO Oi 

r-i r-i r-i 




H)N H)N HN 

CO CO "* «*» O O CO 




CM CO -^ O CO t^ 00 



\\ \ 



\ 



22 DISCHARGE OF COMPOUND WATER-MAINS. 

head when passing nearly the same quantity, or 1950 gallons, 
and these, it should be observed, are the heads due simply to 
change of direction, and do not include the head due to velocity 
or to friction. Thus, for instance, if the quick 8-inch bend 
had a length of one yard, the head for friction by Table 3 
(say for 2000 gallons) would be '5 foot, and the head for 

velocity at entry by the rule in (3), namely ( j^ =-5 1 = H is 

(— — J =5*48 feet. Thus we have a total for such a 

^ • feet for change of direction, 

0*5 „ for friction, 
5 • 48 „ for velocity at entry, 

6-98,, total. 

Again, in a 6-inch pipe carrying 800 gallons, the Table shows 
that each common bend causes a loss of 1-J- inches head, and 
each quick bend a loss of 5 inches, &c. The Table is arranged 
for bends of 90°, or quarter bends, as they are technically 
named, but it is applicable to any other angle, for the loss of 
head is simply proportional to the angle, the radius being the 
same ; thus, a half-quarter bend of 45°, or one-eighth part of a 
circle, consumes half the head of a bend of 90°, and a bend of 
180°, or half a circle, takes double, &c, &c. 

(15.) "Discharge of Compound Water-mains." — When a long 
main is composed of pipes of different sizes, as is very frequently 
the case, the head for each must be separately calculated, and 
the sum total taken. Thus, if we required 300 gallons per 
minute through a main 1200 yards long, composed of 800 yards 
of 7-inch, 300 yards of 6-inch, and 100 yards of 5-inch pipe, the 
head would be — 

By Table 3. 

300 gallons 7-inch = -022 x 800 = 17 -6 feet head 
„ 6 „ = -0476 x 300 = 14-28 „ 
„ 5 „ = -1185 x 100 = 11-85 

43-73 total. 
If there were bends in the pipes we must add the head for 
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them from Table 4, but it will be found, as in the case of head 
for velocity, see (12), that with long mains the effect of bends is 
very small. Say we had 

4 common bends in the 7-inch, each |-inch head = i inch 



3 quick „ 


» 


7 


?j 


1 
JJ T 


JJ 


- 1 1 


2 common „ 


JJ 


6 


?J 
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JJ 


— 1 

— "ST J' 


2 quick „ 
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JJ 


3 
JJ ¥ 


JJ 


~ L ? JJ 


4 common „ 


J> 


5 


JJ 


1 
JJ ? 


JJ 


= 2 „ 


3 quick „ 


JJ 


5 


JJ 


„i* 


JJ 


= 4y „ 
Total 104 inches. 



Thus, even for such a large number of bends, the loss of head 
is only 10£ inches, or * 875 of a foot ; so that the total loss is 
43-73+ -875 = 44-605 feet. 

(16.) When, with such a series of pipes the head is given, and 
the discharge has to be determined, the case does not admit of 
a direct solution, because we cannot tell beforehand in what 
proportions the given head must be divided among the different 
pipes. We must in that case follow the course explained in (13) : 
thus, say we required the discharge with 30 feet head by a main 
2000 yards long, composed of 1200 yards of 8-inch pipe with 
four common bends in it ; 700 yards of 6-inch pipe and three 
bends ; and 100 yards of 5-inch pipe, with two common and two 
quick bends. The first thing to be done is to assume a dis- 
charge, and calculate the head for that, as was done in the last 
example ; it is unimportant whether the assumed discharge is 
near the true quantity or not. Say in our case we take it at 
400 gallons. Then 

By Table 3. Length. Feet 

400 gallons 8-inch pipe = • 02 x 1200 = 24-0 head 
6 „ = -085 x 700 = 59-5 „ 
5 -21 x 100 = 21-0 „ 

Carried forward .. 104*5 
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Brought forward .. 104*5 feet 

Inch. Inch. Inch. 

4 common bends in 8 each Jx 4= -£- head 
3 » jj 6 „ ■% x 3 = Itj- „ 

2 „ „ 5 „ i x 2 = 1J „ 

2 quick „ 5 „ 3 x 2 = 6 „ 

9£ = -8 foot 

Total 105-3 feet. 
Thus we find that for 400 gallons we require 105 • 3 feet head 
instead of 30 feet, the head given ; then by the rule in (13) 

, V30x400 5-447x400 MO „ x , . 

we have _ or ^^-^ = 213 gallons, the real 

V105-3 10-26 . 8 

discharge sought. Further illustrations will be found in 

Chapter IL 

(17.) " Effect of Contour of Section" — The contour of the sec- 
tion of the line of pipes is a matter of some importance. The best 
condition, when the pipe is of uniform diameter from end to end, 
is, of course, a uniform slope throughout. This, however, can 
rarely be obtained, the pipe having to follow the contour of the 
ground, as in Fig 9. If a number of open-topped pipes were in- 
serted anywhere along the main, as at A, B, C, D, &c, the water 
would rise in them to the level of the oblique line J K, which 
in the case of a pipe of the same bore from end to end, would be 
a straight line as shown ; this line is termed the hydraulic mean 
gradient. Now, the vertical distance from any point in that lino 
(say the top of E) to the level line K M, will give the head for 
friction between E and K, and the vertical distance from the 
same point to the level line J L will give the friction between 
E and J : we have here supposed, of course, that the figure is 
correctly drawn to scale. 

(18.) When, as in Fig. 11, the pipes are of different diameters, 
then each would have its own gradient, showing at every point 
the loss of head due to that particular pipe as in the figure. No 
loss of effect will arise from the pipe following the section of 
the ground, so long as the contour of the pipe does not anywhere 
along the line rise above the hydraulic mean gradient. Thus, in 
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Fig. 9, where tho ground is much broken, but does not anywhere 
rise abovo the gradient, the discharge will bo tho same as by a 
pipo with a uniform slope. 

(10.) But if, as in Fig. 10, a hill, as at B, rises higher than the 
gradient, then tho pipo from C to D will bo in a state of partial 
vacuum, air will he given nnt by the water, and will accumulate 
at the summit, and being driven forward by tho water from C 
to B, will remain permanently in the pipe from B to G, occupy- 
ing tho upper part of the pipe while the water trickles down the 
lower part as in a trough or open channel, and the vertical head 
from B to G is lost, the hydraulic gradient being now from 
A to B, from B to G, and from G to F, this last being parallel 
to that from A to B, or at the same angle with the horizon. 
The discharge at F will therefore be, not tho amount duo to the 
head E, F on the longth A, F, but that due to the head E, B on 
the length A, B. 

(20.) In this case the size of the pipe should not bo uniform 
from end to end : from A to B it should be of large diameter, so 
as to deliver at B the required quantity with tho head E, B ; 
and the pipo from B to F may he of smaller diameter, so as to 
deliver tho same quantity at F with the head H, F. Say we 
take a case with the length A, F = 5000 yards, and head E, F = 
90 feet, and that the length A, B = 2400 yards, and the head 
E, B = 10 feot, and that 500 gallons were required at F. With 

uniform slope wo should have ^— = -018, which, by Table 3, 

is a 9-inch pipe, or rather less, for a 9-inch pipe would deliver 500 
gallons with ■ 01742 x 5000 = 87-1 feet. But for the delivery 

atBwithlOfcet head, and a 9-inch pipe, we have gj-r-= -004167, 

which by Table = 215 gallons oidy, instead of 500 ; and, of 
course, this is all we should get at F with such an arrangement, 
for whatever the size of tho rost of the pipe from B to F might 
be, it could not deliver more than it received by the pipo A, B. 

The pipe from A to B should be sttjt; = '004167, by Tabl 
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= a 12-inch pipe ; and the pipe from B to F may be _ 

•03077 = an 8-inch pipe by Table. We may check these 
results thus: — 

By Table 3. Length. Head. 

12-inch pipe, 500 gallons = -00413 x 2400 = 9-912 feet : 
8 „ 500 „ = -0314 x 2600 = 81-64 „ . 

Total 91 • 552 

Thus we find the exact head to be a little more than the head 
at disposal, but in most cases the agreement is near enough for 
practice. 

(21.) When a long main is composed of different sizes of 
pipes and passes over uneven ground, the best course is to draw 
the gradients on the section of the pipes so as to see at a glance 
that none of the hill-tops rise above them. Fig. 11 is a case in 
which, with a fall of 232 feet, we have a 10-inch main 4000 yards 
long, an 8-inch main 3000 yards long, and a 6-inch main 2000 
yards long. To divide the given fall in the proper proportion 
between the different pipes and so find the gradients, let us 
assume that 100 gallons are delivered ; then 

By Table 3. Length. A. 

100 gallons 10-inch = -000411 x 4000 = 1*644 feet head 
8 „ =-001256x3000= 3-768 „ 
6 „ = • 005292 x 2000 = 10 • 584 „ 

15*996 total head. 






Now, whatever the real head may be, it would have to be 

divided among the several pipes in the same proportions as for 

232 
100 gallons in Col. A, and as the head in our case is 1K Qft = 

14 * 504 times the total head for 100 gallons, it follows that the 
real head for each pipe will be 14 * 504 times the head for the 
same pipe in Col. A ; thus the true head 

E, B for the 10-inch pipe will be 1-644 x 14*504 = 23-84 feet 

F, C „ 8 „ „ 3-768x14-504= 54-65 „ 

G, D „ 6 „ „ 10-584 X 14-504 = 153-51 „ 

232-00 
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We can now draw the gradients on the section as in Fig. 11, 

and then if the contour of the ground is below them throughout, 

all is well.* The discharge at D may be calculated from any 

54-65 
one of the pipes ; say we take the 8-inch ; then A = • 01822 = 

about 380 gallons by Table 3. 

(22.) " Special Cases" — There are many cases for the solu- 
tion of which no general rules can be given — they require 
reasoning, with the assistance of rules. The following cases 
may be useful : — Say that with pipes, arranged as in Fig. 12, 
we require 50 gallons at B, and 100 gallons at A, and have to 
determine the sizes of the mains. If we assume 3 inches for E, 
the head for that size would be • 0423 x 160 = 6-77 feet above 
the level at B, and as that point is 8 feet (or 18 — 10) above the 
level at C, we have at this last point the head of 6* 77 + 8 
= 14 • 77 feet to deliver 50 gallons at B. Now, as A is 25 — 
18 = 7 feet below C, the head on A will be 14-77 + 7 = 
21 • 77 feet, and to find the size of pipe with that head for 100 

21-77 
gallons, we have Q n =*-0871 = a 3J-inch pipe by Table 3. 

We have now only to fix the size of the pipe D to carry 50 + 
100 = 150 gallons : we found the head at necessary for the 
pipes E and F to be 14 • 77 feet, leaving therefore only 18 — 
14-77 = 3-23 feet for the friction of D, and from this we find 

Q.OQ 

^^ = • 01077 = a 6-inch pipe by Table 3. 

(23.) Take another case shown by Fig. 13, and say that we 
require the head at D to deliver 600 gallons at E by the single 
and double line of pipes ; also to find what proportion of the 
600 gallons passes by the two branches A, C, B and A, B. Let 
us assume that the pipe A, C, B carries 1000 gallons; then the 
head at A for that quantity would be — 

1000 gallons 12-inch pipe = -01653 x 1100 = 18 -18 feet head 

9 „ =-0697 x 800 = 55-76 „ 



73-94 



» 



* The principle of this method of calculating a series of gradients is due 
to C. E. Amos, Esq., of The Grove, Southwark. 
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And with that head at A, the pipe A, B would at the same time 

73.94 
deliver -3^- = • 0778 = 790 gallons by Table 3 ; so that the 

you 

two sets of pipes deliver at B 1790 gallons with a head of 
73 • 94 feet at A, and therefore (13) to deliver the 600 gallons 

required would take 1700* =8*3 feet. Then, the 12- 
inch pipe from D to A would require for 600 gallons • 00595 x 
1100 = 6*545 feet head, and the 9-inch pipe from B to B, 
•02509 x 400 = 10-036 feet; thus the total head at D will be 
6-545 + 8-3 + 10-036 = 24-881 feet. The pipe A, C, B will 

carry — = 336 gallons, therefore the pipe A, B must 

take the rest, or 264 gallons. 

(24.) If the head had been given, and the discharge due 
thereto had to be determined, we must have calculated the head 
for an assumed discharge, and then applied the rule in (13) to 
find the real discharge with the true head. Thus, say that with 
the same arrangement of pipes, we require the discharge at E 
with 45 feet head at D. If we assume 600 gallons, we 

600 x V45 
should find 24-881 feet head as in (23): then — — or 

V24-881 

6 00 x 6-708 

4-988 

head at D, &c. 



= 807 gallons, the discharge at E with 45 feet 



(25.) " Delivery and Suction-pipes to Pumps" — In calculating 
the sizes of pipes to pumps, it should be remembered that the 
action of a pump is intermittent, especially where there is no 
air-vessel to equalize the velocity of supply and discharge. Say 
we have a single-acting pump 2 feet diameter and 2 feet stroke, 
worked by a crank, &c, making 16 revolutions per minute. The 
area of the pump being 3-1416 feet, we should have 3*1416 x 
2 x 16 = 100 gallons discharged per minute; but while the 
bucket is descending the delivery is nothing, and it rises to a 
maximum when the bucket is at the centre of its up-stroke, whero 
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it has the velocity of the crank-pin ; thus in our case the crank- 
path being 2 feet diameter, or 6*28 feet circumference, the 
maximum discharge at that moment is 6 • 28 x 16 X 3 • 1416 = 
314 gallons, and the pipes must be calculated for that quantity 
instead of 100 gallons, the mean discharge. In most cases, an 
air-vessel is used, which more or less effectively regulates and 
equalizes the velocity of discharge : where the suction-pipe is 
a long one, an air-vessel should be provided for that also. 
Table 5 gives the variation in velocity in different kinds of 
pumps without air-vessels. 

Table 5. — Of the Velocity of Discharge by Pumps without 

Air-vessels. 



One single-acting pump, worked by} 
a crank / 

Two ditto, worked by cranks at rights 
angles / 

One double-acting pump 

Three-throw single-acting 

Four single-acting, or two double- \ 
acting / 



Velocity of Discharge. 


i 
Max. 1 Mean. 


Min. 


314-16 


100 


000 


222*00 


100 


000 


157-08 
104-76 


100 
100 


000 
90*69 


111-00 


100 


78*79 



Variation 
percent. 



314-16 

222-00 

157*08 
14-07 

32-21 



This Table shows that the common 3-throw pump has a more 
uniform discharge than any other, the maximum velocity being 
under 5 per cent, in excess of the mean ; an air-vessel is hardly 
necessary for such a case, in fact large pumps throwing 600 
gallons per minute have been worked for many years success- 
fully without any air-vessel. 

(26.) " Service-pipes in Towns' 9 — The sizes of street service- 
pipes for town supplies cannot be calculated by the ordinary 
rules : we may pursue another method. Certain sizes of lead 
services varying with the sizes of the houses supplied have been 
found necessary by experience. For ordinary cases with inter- 
mittent supply we may admit that £-inch pipe will suffice for a 
house with 6 or 7 rooms, f-inch for 10 rooms, f -inch for 16 rooms, 
and 1-inch for say 30 rooms. The discharging power of lon& 
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pipes varies, as the 2*5 power of the diameter (28), thus 4 9 ' 5 » 
32, and we shall therefore require 32 1-inch pipes to deliver 
with the same head and length the same quantity of water as a 
4-inch pipe, and we may admit that a 4-inch main would supply 
32 1-inch lead services, &c. Table 6 is calculated on these 
principles. 

Table 6. — Service Mains for Water-Supply in Towns. 



Diameter of 

Branch Mains. 

i 




Diameter of Lead Services. 




i | * 


! 


1 


i 
l 


Number of Houses supplied. 


4 

2 

2i 
3 

i 


15 
32 
56 
88 

• • 

• • 


9 
18 
32 
50 
74 
104 


6 
12 

20 
32 

47 
66 


3 

6 
10 
15 
23 
32 



" General Laws for Pipes" — The following general statement 
of the laws governing pipe questions may be useful : some of 
these laws apply strictly only to long mains in which the head 
due to velocity may be neglected. 

(27.) When d and L are constant, the discharge, or G, varies 
directly as the square root of the head, so that for heads in the 
ratio 1, 2, 3, the discharge would be in the ratio VI] V2J and 
VW, orl, 1-414, and 1-732. 

Conversely, — the head is directly as the square of the dis- 
charge, so that for discharges in the ratio 1, 2, 3, we require 
heads in the ratio l a , 2 8 , 3 2 , or 1, 4, 9, &c. 

(28.) When H and L are constant, the discharge is directly 
as the 2 * 5 power of the diameter ; thus with diameters in the 
ratio 1, 2, 3, the discharge will be in the ratio l 2 *, 2 85 , and 3* '*, 
or 1, 5 • 6, and 15 • 6. 

Conversely, — the diameter will vary directly as the 2*5 root 
of the discharge ; thus for discharges in the ratio 1, 2, 3, the 
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diameter will vary in the ratio *yT, ^2, and »*/3 9 or 1, 1'32, 
and 1*55, &c. 

(29.) When G and L are constant, the head will be inversely 
as the 5th power of the diameter ; so that for diameters in the 
ratio 1, 2, 4, the heads will be in the ratio 4 5 , 2 5 , and l 5 , or 1024, 
32, and 1. 

Conversely, — the diameter will be inversely as the 5th root 
of the head ; thus for heads in the ratio 1, 2, 4, the diameters 
would be in the ratio \p£ 9 y^vndi \J\, or 1*32, 1*15, and 

l'O, &c. 

(30.) When H and d are constant, the discharge will be 
inversely as the square root of the length ; thus for lengths in 
the ratio 1, 2, 4, the discharge would be in the ratio V4, *J% an< i 
Vl^ or 2-0, 1-414, and 1-0, &c. 

Conversely, — the length varies inversely as the square of the 
discharge ; thus for discharges in the ratio 1, 2, 4, the lengths 
would be in the ratio 4 a , 2 2 , and l 8 , or 16, 4, and 1, &c. 

(31.) When G and d are constant, the head is directly and 
simply as the length ; thus for lengths in the ratio 1, 2, 3, the 
heads would also be in the ratio 1, 2, 3, &c. 

(32.) " Head for very Low Velocities. 9 ' — Table 3 gives the 
greatest possible facility for the calculation of pipe questions, 
as may be seen by the examples we have given, and for all 
ordinary cases the results are correct ; but for very small 
velocities with low heads, say under one foot, &c, experiment has 
shown that the discharges are less than that Table would give, 
and for such cases Prony's more difficult and laborious rule 
seems to give the most correct results. The following rule is 
based on that of Prony : — 

Let d = diameter of the pipe in inches. 

H = head of water in inches. 

L = length of pipe in feet 

G = gallons per minute. 
Then 

(16-353 x ^j-^ + -00665V- -0816) x & X 2 04 = G. 
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Thus, say we required the discharge by a 12-inch pipe 3000 
feet long with 36 inches head : then 

(16-353 x 86 3 ^ 12 + -00665)*- -0816) x 144 x 2-04 --= 

427 • 4 gallons. 

We may compare this result with that by Table 3, or rather 

by the rule ( - — y J* = G, given in (5), by which the dis- 
charge comes out 426 gallons, or practically the same as by 
Prony's rule. With a very small head, however, the two rules 
do not agree; thus, with only one inch head, this same pipe 
gives 54*87 gallons by Prony's rule, whereas the other rule 
gives 70 • 98 gallons, or 29 per cent. more. With a large head, 
on the contrary, Prony's rule gives a rather larger discharge 
than the other. The general comparison of the two rules may 
be shown by the case of a 10-inoh pipe, 1000 yards long, the 
calculated discharge of which, with different heads, is given by 
the following Table : — 



By the Rule in (5) 
By Prony's Rule 
Difference per cent. 



in. 
1 



45 
33-8 
+33-1 



Head of Water. 



ins. 


ft. 


ins. 


ft. 


ins. 


ft. Ins. 


4 


1 


4 


5 


4 


21 4 



ft. ins. 
85 4 



Discharge in Gallons per Minute. 



90 


180 


360 


720 


80-05 


174-6 


364-7 


745 


+11-8 


+31 


-1-3 


-3-41 



1440 

1507 

-4-45 



(33.) When the head is the unknown quantity, and the rest of 
the particulars are given, the rule becomes : — 

(s^rb^/ 0816 )' " - 00665 ) * i 



16-353 



= H. 



Let us take an extreme case, in order to illustrate more fully 
the special adaptation of Prony's formula to very low velocities. 
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Say we require the head for a 10-inch pipe 4000 feet long, 
discharging only 20 gallons per minute : then 

20 , „\« ™_\ 4000 



(5TOno5+-° M6 y- 00866 )* 



= • 626 inch head. 



16-353 

Now, by Table 3, the head comes out "00001646 x 1333 - 
•02194 foot, or *263 inch only; so that in this very extreme 

case Prony's rule gives -^- = 2 • 38 times the head by the rule 

'Abo 

in (5) or Table 3. 

(34.) Table 29 has been calculated by the following modifi- 
cation of Prony's rule : — 

(V+-0816) a - -00665 _ Hx d 
196-24 ~ L ; 

In which d = diameter of pipe in inches. 

V = velocity of discharge in feet per second. 
H = head of water in inches. 
L = length of pipe in inches. 

Table 29 has been calculated for small velocities only, because 
Table 3 gives results sufficiently correct for practical purposes, 
with higher velocities, and is more facile in application. We 
have added opposite each velocity in Table 29 the corresponding 
discharge of pipes, from 1 inch to 24 inches diameter, in order 
to abridge the labour as much as possible. For the use of this 
Table we have the following rules : — 

(35.) 1st. To find the discharge, having H, L, and d given. 
Multiply the given head in inches by the diameter in inches, and 
divide by the length in inches, and find the nearest number 
thereto in Col. 1. Then opposite that number, and under the 
given diameter will be found the discharge in gallons per minute 
Say, we take the case in (32) to find the discharge of a 12-inch 
pipe 3000 feet or 36,000 inches long, with 36 inches head. Then 

— P— or o/?aaa ' = '012, the nearest number to which in 
L ooOOO 

TV 
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Col. 1 is '01192, opposite to which, and tinder 12 inches 
diameter, is 427 gallons, the discharge sought. 

2nd. To find the head, having G, L,and d given. In Table 29, 
under the given diameter, find the nearest number of gallons, 
and take from Col. 1 the number opposite to it, which number, 
multiplied by the length in inches, and divided by the diameter 
in inches, will give the required head in inches. Thus, taking 
the extreme case in (33) to find the head for a 10-inch pipe 4000 
feet long, with 20 gallons per minute : — The nearest discharge 
under 10 inches diameter is 20*45 gallons, opposite which in 

mi- (\f\moAi a a. «.- v*- '0001341x48000 
Col. 1 is • 0001341, and from this we obtain — = 

* 643 inch head : the exact head for 20 gallons we calculated in 
(33) to be • 626 inch. 

It should be observed that Frony's formula does not include 
the head due to velocity of entry (12), which for short pipes 
becomes important. It has been omitted in the preceding illus- 
trations, because with such long pipes as were given in our 
cases it is too small to affect the result sensibly : for instance, 
in the last case, the head for velocity with 20 gallons per minute 

/ 20 \ 2 
and a 10-inch pipe by the rule in (3) is f ) = '000237 

foot, or T^nd of an inch only. 

(36.) " Square and 'Rectangular Pipes" — The case of square 
or rectangular pipes may be assimilated to that of round ones, 
and the head or discharge may then be calculated by the same 
rules and Tables that we have given for the latter. The velocity 
of discharge, whatever may be the form of the pipe or channel, 
is proportional to the hydraulic radius (57) or the sectional area, 
divided by the circumference or perimeter : in round pipes this 
is always equal to one-fourth of the diameter. 

Say we have a rectangular channel 3 ft. x 1*5 foot, Fig. 39 ; 

the area is 4*5 feet; the perimeter 9 feet, and the hydraulic 

4-5 
radius -^— = *5 foot, which is the same as that of a round pipe 

'5x4 = 2 feet diameter. Then to find the head for friction 
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with such a channel, say 100 yards long, discharging 270 cubic 

feet per minute ; we have a velocity of -r—? = 60 feet per minute, 

or 1 foot per second, which by Table 29 is equal to 1178 gallons 
per minute with a 24-inch pipe, and by Col. 1 of the same Table 

H X d nnsaoQ *. * tt '005928 x L, . 

— = — = • 005928, therefore H = ■= or in our case 

-L a 

^r = • 889 inch, the head required. We 

might have obtained the head approximately by Table 3, say for 
1200 gallons = -000744 x (100 x 12) = -8928 inch. 

We might also have calculated the head more directly by 
Table 30 : — Opposite • 5 the given hydraulic radius, the nearest 
velocity to that given, or 60 feet per minute, is 61 feet, which is 
under 15 inches fall per mile, or * 00852 inch per yard ; hence 
for 100 yards the head is • 00852 x 100 = • 852 inch. 

The head for velocity at entry must be added to that for fric- 
tion, and may be found by Table 15 : thus, with a square-edged 
inlet, the head for a velocity of 1 foot per second is given by 
Col. C at £th of an inch ; the total head is therefore * 889 -J- 
•25 = 1-139 inch. 

By the application of the same principles, the head, or dis- 
charge of a channel of any sectional form whatever may be 
determined. 

(37.) " Effect of Corrosion or Must in Pipes" — The rules and 
Tables for calculating the discharge of pipes are adapted only to 
clean and even surfaces, such as are commonly met with in new 
cast-iron pipes. But some soft waters contain a great deal of 
» oxygen, which rapidly decomposes iron, forming rust, which is 
deposited, not in an even layer, but in nodules or carbuncles. 

These retard the flow, not so much by the reduction of diameter 
as by the alteration of the character of the surface. A notable 
case of this kind occurred at Torquay, where a main about 14 
miles long, composed of 14,267 yards of 10-inch, 10,085 yards 
of 9-inch, and 170 yards of 8-inch pipe, delivered only 317 
gallons per minute, with 465 feet head. We may calculate the 
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disohargo by the method explained in (13): — Assuming 1000 
gallons, we have by Table 3 : — 

Friction of 10-inch = "04115 x 14267 = 587-1 feet head 
9 „ = -0697 x 10085 = 702-9 „ „ 
8 „ = -1256 x 170 = 21-3 „ „ 

1311-3 „ total. 
V465 x 1000 



And from this, the discharge with the real head is 



V1311-3 



21-564 x 1000 KAfcf „ ^ x , _ , , , nnx , 

or -- = 595 gallons. But by Prony's rule (32) the 

discharge comes out 616 gallons. The experimental discharge 

317 
was therefore only -—-r = -51 or 51 per cent, of the theoretical, 

olo 

or in round numbers the discharge was that due to Jth of the 

head, so that fths of the head was lost in undue friction. An 

ingenious scraper, suggested by the late Mr. Appold, and worked 

by the pressure of the water, was passed through the entire 

length of the pipes; and subsequently an improved one by 

W. Froude, Esq., was used with remarkable results, the discharge 

being increased to 564, and eventually, by repeated scraping, to 

634 gallons, which is 18 gallons, or 3 per cent, more than the 

theoretical quantity. Errors of observation, or in the reputed 

sizes of the pipes, may account for the discrepancy. 

Dr. Angus Smith's process, by which pipes are coated all over 

with a black enamel, seems to be an effective remedy against 

rusting ; such pipes have been used with Torquay water for 

years without being affected. The process is very cheap, being 

only about 5s. per ton for medium pipes ; it can be effectively 

applied only in the process of casting, while the pipes are new 

and hot. With such a smooth surface as this process produces, 

the discharging power must be increased in a higher ratio than 

the cost, so that such pipes must really be more economical than 

any other, 
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CHAPTEE II. 

ON FOUNTAINS, JETS, &0. 

(38.) " Height of Jets with given Heads" — When water issues 
vertically from a nozzle, as at J in Fig. 5, it should theoretically 
attain the height of the head, and h should be equal to H ; but 
it has been found by experiment that the height of the jet is 
always less than the head, a loss arising from the resistance of 
the air. The difference, or h', is found to increase with the ab- 
solute height of the jet, and to diminish with an increase in the 
diameter. There are very few reliable experiments on this sub- 
ject, and the laws indicated by those we have are very intricate. 
The best experiments we have are given in Table 7, and from 
them we find that h' increases nearly in the ratio of the square 
of the head, so that if we draw to scale the successive heights 
found by experiment, as in Fig. 14, we obtain a curve which 
approximates to a parabola. Thus, for a J-inch jet, as in the 
Figure, with 160 feet head, the jet would have attained the 
height £, or 160 feet, if there had been no resistance from the air ; 
but it is found by experiment that it only reaches 80 feet as at 
D, therefore 7*' = 80 feet is lost. Again, with 80 feet head the jet 
should have reached C = 80 feet, but the experimental height is 
only 60 feet, and, in that case, V = 20 feet. Thus with heads 
in the ratio of 1, 2, the loss is in the ratio l a , 2 2 , or 1 to 4, being 
in fact 20 and 80 feet. 

(39.) Experiment also shows, that the head being constant, h' 
varies nearly in inverse ratio to the diameter of the jet ; for in- 
stance, we have just seen that with 80 feet head on the £-inch 
jet, 20 feet head is lost. Then with a jet 1 inch diameter the 
loss would be about 10 feet, and the height attained 70 feet ; but 
with a |-inch jet the loss would be about 40 feet, and the height 
attained 40 feet, &c. Thus we have the elements for calculating 
approximately the loss of head for any particular case, not 
perfectly agreeing, perhaps, with the true law, but the \m 
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Table 7.— Of Experiments on the Height of Jets with Different 

Heads. 



Diam. 


Head 


Height of Jet in Feet 




Loss of Height by 
Jet in Feet 




of Jet 


on the 
Jet in 






Error. 








in 












Inches. 


Feet 


Experi- 


Calcu- 




Experi- 


Calcu- 








ment 


lated. 




ment 


lated. 












feet 








2* 


365 


284 


282 


-2 





81 


83 


Chatsworth. 


If 


64 


61 


60 


1 


-0 


•9 


3 


3 


9 


Witley Court. 


» » 


92 


84 


83 


86 


-0 


14 


8 


8" 


14 


» » 


» J 


115 


103 


102 


3 


-0 


7 


12 


12 


7 


» » 


1 


445 


109 


136 





+27" 





336 


309 




Torquay. 


4 


46 


43 


41 


2 


-1' 


8 


3 


4' 


8 


Witley Court. 




69 


62 


59 





-3 





7 


10" 





» • 




92 


77 


74- 


4 


-2 


6 


15 


17' 


6 


> > 




115 


93 


87 


5 


-5 


5 


22 


27' 


5 


» » 




141 


98 


99 


6 


+ 1' 


6 


43 


41' 


•4 


» » 




162 


106 


107 


3 


+ 1 


3 


56 


54' 


7 


» * 


'f 


15 


14-25 


14 


'44 


+0' 


19 


0-75 


0' 


56 


Weisbaoh. 




30 


27-81 


27 


■75 


-0 


06 


2-19 


2 


25 


» f 




45 


39 42 


39 


•94 


+o 


52 


5-58 


5 


06 


> » 




60 


48-36 


51 


•00 


+2 


'64 


11-64 


9' 


00 


» 9 


| 


15 


14-04 


14 


06 


+o- 


02 


0-96 





94 


» * 




30 


26-44 


26 


•25 


-0 


19 


3-56 


3 


75 


f » 




45 


36-18 


36 


56 


+0 


38 


8-82 


8 


•44 


» » 




60 


42-96 


45 


00 


+2 


04 


1704 


15 


00 


* » 




32 


27 


27 


7 


+o 


'7 


5 


4 


3 


Witley Court. 




46 


36 


37 


2 


+1 


2 


10 


8 


•8 


* » 




95 


55 


57 


4 


+2 


•4 


40 


37 


•6 


> > 




118 


63 


60 





-3 





55 


58 





» t 


A 


28-8 


19 


21 


•9 


+2 


•9 


9-8 


6 


•9 


> » 


* * 


64 


30 


300 


o-o 


34-0 


34-0 


> > 



approximation we can obtain : this is a subject on which more 
experimental information is very desirable. Table 8 gives the 
height of jets with different heads, and is calculated by the 
foUowing rule : — 

ft'=?X -0125; 
a 

In which H = the head on the jet in feet. 

„ h' = the difference between the height of head and 

height of jet. 
d = diameter of jet in |ths of an inch. 



99 
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Table 8. — Of the Height of Jets with Different Heads. 



Head 










DlAXETEB OF 


Jet in 


Inches. 








on 

Jet 

In 


i 


i 

4 


i 


i 


* 


* 


1 i H 


1* 


1* 


2 


Feet 


Height of Jet in Feet. 


10 
20 
30 
40 
50 

60 
70 
80 
90 
100 

120 
140 
160 
180 
200 

220 
240 
260 
280 
300 
350 
400 


8*75 
15-0 
19*0 
20*0 

• • 

• • 

• • 

• • 

• • 

• * 

• • 


9-37 
17-5 
24-4 
30-0 
34-4 

37-5 
39-0 
40-0 

• • 

• • 

• • 


9-6 
18-33 
26*25 
33-3 
39-6 

45-0 
50-0 
530 
560 
58-0 

60-0 


9-7 
18-75 
27*2 
35-0 
42-2 

48-7 
55-0 
60-0 
65-0 
69 

75 

79 
80 


9-75 
19-0 
27*75 
36-0 
440 

51-0 
58-0 
64-0 
70-0 
75 

84 
91 
96 
99 
100 


9-8 
19-2 
28-3 
37*0 
45-0 

52-0 
60-0 
67-0 
73-0 
79 

90 

99 
106 
112 
116 

119 
120 

• • 

• • 

• • 

• * 


9-84 
19-4 
28-6 
37-5 
46-1 

54-4 
62-4 
700 
77-0 
84 

97 
109 
120 
129 
137 

145 
150 
155 
158 
160 

• • 

* • 


9-875 
19-5 
29-0 
38-0 
47-0 

55-0 
64-0 
72-0 
80-0 
87 

102 
116 
128 
139 
150 

159 
168 
175 
182 
187 
198 
200 


9-9 
19-6 
291 
38-3 
47-4 

56-2 
65-0 
73-3 
81-6 
90 

105 
120 
133 
141 
158 

165 
180 
190 
198 
206 
222 
233 


9-91 
19-6 
29-2 
38-6 
47*8 

56-6 
65-6 
74-2 
83-0 
91 

107 
123 
137 
151 
166 

177 
189 
200 
210 
220 
241 
257 


9-92 
19-7 
29-3 
38-7 
48-0 

57-0 
660 
750 
84-0 
92 

109 
125 
140 
155 
169 

182 
195 
208 
219 
230 
255 
275 



(40.) It is a result of this rule, that each particular size of 
jet attains its maximum height with a certain head, and that if 
the head is increased beyond that point, the height of jet is not 
increased thereby, but is actually diminished. This result is 
anomalous : it may be that an excessive head breaks the issuing 
stream into spray and causes it to meet with more resistance 
from the air than a jet of solid water issuing with a moderate 
head. Experiments with excessive heads show an enormous 
loss : thus a jet 1 inch diameter with 445 feet head, reached a 
height of about 109 feet only, as measured by a theodolite. 

^ i • a i if 445a aiok 198026 MnK 
Our rule gives the loss V = —^- x '0125, or — g — * *0125 

o 
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= 309 feet, and hence the height of jet is 445 - 309 = 136 feet. 
The error of 27 feet is considerable, but perhaps not more than 
might be expected in such an extreme case. 

(41.) " Discharge of Jets." — The quantity of water discharged 
will vary considerably with the form of the nozzle. The form 
is also a matter of importance, as affecting the solidity of the 
issuing stream, and thereby the height of the jet. Fig. 15 shows 
the best form of nozzle, and Table 9 gives the general proportions 

Table 9. — Of the Proportions of Nozzles for Jets. 



in. 

* 



1 

li 
1* 
If 
2 

2J 
2* 
2f 
3 



B. 


i 


n. 




45 




•67 




■90 


1 


12 


1 


35 


1 


■80 


2 


25 


2 


•70 


3 


15 


3 


•6 


4 





4 


5 


4 


•9 


5 


4 



In. 

•6 

•9 

1-2 

1-5 

1*8 



2' 

3 

3 

4" 
4' 

5' 
6' 
6" 



4 


2 
8 

4 


6 



72 



D. 



1 
1 
1 
2 
2 

2 
3 
3 
3 



in. 

•3 

•45 

•6 

•75 

•9 

•2 
•5 

•8 

1 

•4 

'7 


•3 

6 



for different sizes. The lip at E projecting beyond the mouth 
is intended to protect the bore from indentation by accident. 
The discharge by well-made nozzles of this form will be about 
•943, the theoretical discharge being 1*0, and may be found 
direct by the following rule : — 

G= VHx &x -24; 
In which H = the head of water on the jet in feet. 
d = the diameter in -|ths of an inch. 
G = gallons discharged per minute. 

Table 10 has been calclated by this rule. 
(42.) " Jets at the End of Long Mains" — When a jet is placed 
at the end of a pipe, or series of pipes, as is usually the case, 
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42 EFFECT OF LONG MAINS TO FOUNTAIN JETS. 

calculation must be made of the loss of head by friction in such 
pipes, so as to obtain the actual head on the jet, for which alone 
the rules and Table apply. Say, for illustration, we take the 
case, shown by Fig. 16, of a jet 1 inch diameter, 70 feet high, 
at the end of a long main 6 inches, 5 inches, and 4 inches 
diameter, of the respective lengths given by the Figure, and that 
we have to calculate the head necessary. Table 8 shows that a 
^et 1 inch diameter, 70 feet high, requires 80 feet head ; and 
Table 10 gives the discharge of the same jet, with 80 feet head, 
at 137 gallons. Then, by Table 3, we calculate the friction of 
the mains, and we have the following results : — 

Feet 

Head to play 1-inch jet 70 feet high = 80 * 00 

Friction 6-inch main, say 140 gallons = -01037 x 600 = 6*22 
„ 5 „ „ -0258 X 300 = 7'74 

„ 4 „ „ = -0788 Xl00= 7*88 

Total = 101-84 

(43.) In other cases we may have the head and diameter of 
pipes and nozzle given, and have to determine the discharge. 
This case is illustrated by Fig. 17, and in dealing with it, we 
must follow the course indicated in (13). Say we assume the 
discharge at 300 gallons ; Table 10 shows that a jet 1£ inch 
diameter requires about 75 feet head for that quantity. Then, 
by Table 3, we find the friction of the mains as follows : — 

Feet 

Head to play 1 J-inch jet, 300 gallons = 75-00 

Friction 7-inch main, 300 gallons = -022 x 800 = 17*60 
„ 6 „ „ -0476 x 400 = 19-04 

„ 5 „ „ = 1185 x 80= 9-48 

Total = 121-12 

So that for our assumed discharge of 300 gallons we require only 
121 * 12 feet, instead of 150, the head at disposal. Then by the 
rule in (13) the true discharge with 150 feet head will be 

— = 334 gallons. In such cases as this, where the 

V12M2 

height of a jet is involved, the discharge assumed should be pretty 
near the true one. 




(44.) Id another case we might require to find the diameter 
of one of the main pipes, having all the rost given. Thus, say 
that we have to find the diameter of the pipe P, in Fig. 18. 
Table 8 gives 90 feet as the head for 14. jet 80 feet high ; and 
Table 10 gives 227 gallons as the discharge of the same jet with 
90 feet head. 

Then, 1± jet 80 feet high, by Table 8 .. 90-0 feet head 
Frictionof G-inch main = -028x400.. 11*3 



We have therefore 115 - 101*2 = 13'8 feet of head left for 

tho friction of the pipe P, or - = '069 foot per yard; which 

by Table 3 is equal to a 5-inch pipe with say 230 gallons, and 
this is the required diameter of the pipe P. 

(45.) " Path of Fountain Jets." — When the discharge takes 
place obliquoly, or out of the perpendicular, the path of the jet 
is a parabola, and may be conveniently doacribed by the method 
shown in Fig. 23, in which wo have a jet discharging upward at 
an angle of 45°, and with a head of 14 feet, which by Table 11 
will give a velocity of 30 feet per second, or 3 feet per tenth of 
a second. If we mark on the line S, E a series of points A, B, C, 
&c, 3 feet apart, they would show the position of a particle of 
water at each tenth of a second if gravity did not act : but of 
course gravity does act simultaneously, and Tablo 12 gives the 
space fallen through each tenth of a second, which, being plotted 
on tho perpendiculars drown through each of the points A, B, C, 
&c, will give the true position of the particle of water at each 
tenth of a second. Thus, in ^ths of a second it would have 
arrived at C, if uninfluenced by gravity, but the Table shows 
that in that time a body falls 1 foot 5\ inches ; therefore F is 
the true position at that moment, and so of the rost, as in the 
Figure, which gives the path for two seconds, The lower 
curve 8, T in Fig. 23, shows the path of a jet with the same head 
and velocity projected downward* at the same angle of 45°. 
Fig. 19 gives the path for a horizontal projection, and also 



a 
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Table 11. — Falling Bodies, giving the Space fallen through to 

acquire certain Velocities. 



Velocity 




Velocity 




Velocity 




in Feet 


Space. 


in Feet 


Space. 


in Feet 


Space. 


per Second. 




per Second. 




per Second. 






ft. Ins. 


• 


ft ins. 




ft. ins. 


1 


Oft 


21 


6 10 


41 


26 1 


2 


Of 


22 


7 6 


42 


27 5 


3 


If 


23 


8 3 


43 


28 9 


4 


3 


24 


9 


44 


30 1 


5 


4| 


25 


9 9 


45 


31 5 


6 


6f 


26 


10 6 


46 


32 10 


7 


9£ 


27 


11 4 


47 


34 4 


8 


1 


28 


12 3 


48 


36 10 


9 


1 3* 


29 


13 


49 


87 4 


10 


1 62 


30 


14 


50 


38 11 


11 


1 10£ 


31 


14 11 


52 


42 


12 


2 3 


32 


15 11 


54 


45 4 


13 


2 7* 


33 


16 11 


56 


50 


14 


3 04 


34 


18 


58 


52 


15 


3 6 


35 


19 


60 


56 


16 


4 


36 


20 1 1 


62 


59 8 


17 


4 6 


37 


21 5 


64 


63 8 


18 


5 


38 


22 6 


66 


67 8 


19 


5 7 


39 


23 9 


68 


72 


20 


6 3 


40 


24 11 


70 


76 



Table 12. — Falling Bodies. 



Time. 


Whole Space 


Velocity acquired. 


Time. 


Whole Space 


Velocity acquired. 


Seconds. 


fallen. 


Feet per Second. 


Seconds. 


fallen. 


Feet per Second. 




ft ins. 


ft. 




ft. ins. 


a 


A 


o 1« 


3*2 


i* 


19 4| 


35-2 


A 


7f 


6-4 


1A 


23 0± 


38*4 


A 


1 5i 


9-6 


i* 


27 0± 


41*6 


A 


2 6J 


. 12-8 


1A 


31 4f 


44*8 


A 


4 


160 


1A 


36 


48*0 


A 


5 9£ 


19*2 


1A 


41 


51*2 


A 


7 10 


22*4 


I* 


46 25 


54*4 


A 


10 2J 


25*6 


i* 


51 1 


57-6 


A 


12 11J 


28*8 


i* 


57 9| 


60-8 


1 


16 


320 


2 


64 


64-0 
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illustrates another method of drawing the parabolic curve, which 
consists in dividing the total space fallen through J, E into the 
same number of equal parts as the line H, J, and drawing radial 
lines from the point H, as shown. The path of the jet is through 
the intersections of the radial lines with the perpendiculars, as 
in the figure : the two methods give the same result precisely. 

(46.) There are some general laws governing the parabolic 
paths of jets which it will be well to state explicitly. Let Fig. 
20 be a jet playing obliquely from a nozzle at J, and striking 
the horizontal plane at G. 

1st. If the line of direction of the pipe or axis of the jet be 
prolonged, it cuts the axis of the parabola at a point C, whose 
distance from the base is always double the height of the 
parabola, or CN is equal to twice D N. This gives a useful 
rule for finding the proper angle of the jet pipe when the path 
of the jet has been determined. 

2nd. If we find the focus of the parabola by the ordinary 
method, namely, by bisecting the radius of the base at A, 
drawing the line A D, and making A L perpendicular to A D, 
then the point L is the focus of the parabola and the distance 
N L is the extra head h necessary to play the jet horizontally, 
or the difference between the maximum height of the jet and the 
head upon it at J. Thus the total head H' may be considered 
as divided into two portions, namely, H, which is equal to the 
height of the parabola D N, and h, which is equal to the distance 
of the focus of the parabola from the base. 

3rd. If, therefore, with the same head the jet were made to 
play vertically, it would (theoretically) attain the height of H', 
instead of H. 

4th. In all cases, h bears a certain proportion to the height of 
the parabola (H), and to the length of its base B, and may be 

(i B) 2 
calculated from those particulars by the rule h = * ; thus, to 

play a jet 32 feet horizontally (B), and 16 feet high (H), as in 

8 s 
Fig. 21, we shall have h = — = 4 feet, which, added to the 

lo 
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height of the jet path (16 feet), gives 20 feet for the total head 
on the jet. 

5th. The horizontal distance from the nozzle at J to the point 
on the plane at G, where the jet strikes it, may be calculated 
when the total head H' and the height of the parabola H are 
given ; for obviously H' — H = A, and knowing h, we may find 

B by the rule Jh x H x 4 = B. Thus, in Fig. 21, we have 
H' = 20, and H = 16 ; therefore, h = 20 - 16 = 4, and then 

V4x 16 X 4 = 32 feet. 

6th. When the jet issues horizontally, as in Fig. 25, its path 
is half a parabola, following the same laws as before, namely, 



_(*py 



h = F, also h = ^_Z , and VA x H x 2 = P, &c. 

Jti 

(47.) In some cases, the two half parabolas are unequal, 
as in Fig. 24, where we have a jet 20 feet high at its maxi- 
mum, delivering at N = 15 feet high, and 24 feet distant hori- 
zontally from the nozzle at J, and we require to find h = 
the extra head, and to describe the path of the jet. Here we 
have first to find the position of the centre line dividing the 

semi-parabolas, and to do this we have -^-^ = B, which 

24 x 4-472 

in our case becomes . A „ n tt-hst; = 16 feet. Then the focus 

4-472 + 2-236 

of the two semi-parabolas may be found as before, and it will be 

©■ 

found that F and F' are equal. Thus, in our case F = = 

(§)" 

32 feet, and F' = — = 3-2 feet also. F being equal to h, 

we thus find h to be 3*2 feet, and the total head at J will 
therefore be 20 + 3*2 =23*2 feet (H'). If we reverse the 
direction of the jet, placing the nozzle at N, instead of at J, 
then, with a head of 5 -f- 3*2 = 8*2 feet, the path of the jet 
would be the same as before. 



(48.) We have followed throughout the investigation of the 
paths of oblique jets, the theoretical law that the hoight of the 
jet is equal to the head, and we have done this to avoid compli- 
cating the matter unnecessarily ; but obviously, we mnst apply 
to oblique jets the correction we found necessary for perpen- 
dicular ones. Thus, if we had a jot ^-inch diameter, with 80 
feet head, Table 8 shows that the height attained vertically 
would he only 60 feet, and if this jet played obliquely, its path 
should be calculated for the latter height, but the quantity of 
water expended, and the value of k must be calculated for 80 feet. 

Oblique jets of great hoight and range, deviate considerably 
from the true parabolic path assigned by the rules ; the curvo 
becomes in such cases like A, D, E in Fig. 22, the true parabolic 
path being A, E, C. But for moderate heights and ranges, such 
as usually occur in practice, the deviation is not considerable. 

(49.) " Ornamental e7e(B."— There are many kinds of orna- 
mental jets which may be used with pleasing effect in very 
sheltered situations, especially in the interior of conservatories, 
&o. One of these, called the " Convolvulus," from the form of its 
display, is shown in half-sizo section by Fig. 26. Tho pressure 
of a very small head of water (2 or 3 feet) raises the valve B, 
and allows a thin sheet of water to escape, forming a sheet jet of 
the form given in Fig. 27, and (with tho size given by Fig. 26) 
about 3 feet diameter, with an expenditure of about 6 gallons 
per minute. 

Fig. 28 is a half-size section of the " Dome" or " Globe" jet, 
which produces a display of the form shown by Fig. 29, with a 
head of about 2 feet, the globe being about 14 inches diameter, 
and the expenditure about 3 gallons per minute. With a greater 
head, say 3 or 4 feet, tho display has tho form of an umbrella 
about 21 inches diameter, expending about 4 gallons per 
minute. 

The " Basket and Ball" jet is another pleasing variety; the 
basket is of fancy wire-work, large enough to catch the ball 
when it escapes from the jet of water, and formed so as to 
return it back to its place. The hall is formed of light wood 
(lime-trco is the best), painted or gilded, and well varnished. 
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There should bo a certain proportion between the size of the 
ball and the diameter of the jet. As an approximation we may 
give the following rule : — 

Vd* x 1-3 =D; 

In which d = the diameter of the jet in Jths of an inch. 
D = the diameter of the ball in inches. 

Table 13 has been calculated by this rule ; it gives the propor- 
tions up to 1-inch jets, but the f-inch jet, with 3^-inch ball is 
usually the maximum size in practice. 

Table 13. — For Ball Jets. 



Diameter of Jet 




Diameter of Ball. 


*- 


inch 


= 


H- 


inch 


i 


j> 


= 


i* 


» 


3 


j> 


= 


2* 


>» 


1 
"2 


jj 


= 


n 


>j 


5 

"5 


jj 


= 


H 


99 


3 


» 


= 


H 


99 


7 


91 


= 


4 


99 


1 


99 




4.3 


99 



CHAPTEE III. 

ON CANALS, CULVERTS, AND WATEB-OOUBSES. 

(50.) " Open Water-courses" — The discharge of open water- 
courses may be found experimentally by observing the velocity 
of the current and measuring the cross sectional area of the 
stream. But to do this correctly we require the mean velocity 
throughout the section, which is not given by observation. The 
velocity varies, being a maximum at the surface and where the 
channel is deepest, which is usually near the centre of the width, 
diminishing from thence to the banks on either side, and to tho 
bottom, where it is a minimum. 

The best experiments we have, give the mean velocity 
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throughout the section at 84 per cent.- of the maximum central 
surface velocity, which is usually the velocity observed, being 
easily obtained by a float on the surface of the stream (68). 
Table 14 gives the mean velocity corresponding to observed 
maximum velocities ; thus, if a channel whose area is 24 square 
feet, has by observation a central surface velocity of 35 feet 
per minute, the mean velocity by the Table is 29*4 feet, and the 
discharge will be 29-4 x 24 = 705-6 cubic feet, or 705-6 x 
6*23 = 4396 gallons per minute. 

Table 14. — For Open Channels, Canals, and Kivebs, giving the 
Mean Velocity throughout the Section, corresponding to 
observed Central Surface Velocities. 



Surface 


Mean 


Surface 


Mean 


Surface 


Mean 


Surface 


Mean 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


Velocity. 


1 


•84 


26 


21-84 


51 


42-84 


76 


63-84 


2 


1-68 


27 


22-68 


52 


43 


•68 


77 


64 


•68 


3 


2-52 


28 


23-52 


53 


44 


•52 


78 


65 


•52 


4 


3-36 


29 


24-36 


54 


45 


•36 


79 


66 


•36 


5 


4*2 


30 


25-2 


55 


46 


•20 


80 


67 


'2 


6 


5-04 


31 


26-06 


56 


47 


04 


81 


68' 


04 


7 


5-88 


32 


26-88 


57 


47 


•88 


82 


68 


•88 


8 


6-72 


33 


27-72 


58 


48 


•72 


83 


69' 


72 


9 


7*56 


34 


28-56 


59 


49 


•56 


84 


70 


56 


10 


8-4 


35 


29-4 


60 


50 


'4 


85 


71 


40 


11 


9-24 


36 


30-24 


61 


51' 


24 


86 


72' 


24 


12 


10-08 


37 


31-08 


62 


52 


12 


87 


73' 


08 


13 


10-92 


38 


31-92 


63 


52' 


92 


88 


73- 


92 


14 


11-76 


39 


32-76 


64 


53' 


76 


89 


74' 


76 


15 


12-60 


40 


33-6 


65 


54 ■ 


6 


90 


75' 


6 


16 


13-44 


41 


34-44 


66 


55' 


44 


91 


76' 


44 


17 


14-28 


42 


35-28 


67 


56' 


28 


92 


77' 


28 


18 


15-12 


43 


36-12 


68 


57' 


12 


93 


78' 


12 


19 


15-96 


44 


36-96 


69 


57' 


96 


94 


78' 


96 


20 


16-8 


45 


37*8 


70 


58 ■ 


8 


95 


79- 


80 


21 


17-64 


46 


38-64 


71 


59- 


68 


96 


80- 


64 


22 


18-48 


47 


39-48 


72 


60- 


48 


97 


81' 


48 


23 


19-32 


48 


40-32 


73 


61' 


32 


9b 


82- 


32 


24 


20-16 


49 


41-16 


74 


62 ■ 


16 


99 


83' 


16 


25 


21-0 


50 


42-0 


75 


63-00 


100 


84-00 



(51.) "Head due to Velocity in Open Channels" — When a 
stream leaves the still water of a lake or reservoir, as in Fig. 30, 
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at a given velocity, there will be a certain loss of head to gene- 
rate that velocity, that is to say, the stream at F must be lower 
than the still water at E in order to create the velocity required 
at G. In a case like the Figure, the bottom of the channel at F 
being at the same level as the bottom of the reservoir at E, and 
with a well-rounded entrance, the velocity would be • 96 of that 
due to gravity, and the same co-efficient would apply to the water- 
way of a sluice-gate, like Fig. 31, if the gate is drawn up com- 
pletely out of the water, and to the openings of a bridge with 
pointed piers, as at Fig. 32, the conditions being evidently similar 
in all the three cases. With similar conditions, but with square 
corners at the sides of the inlet opening, as in Fig. 34, the 
bottom of the channel being still at the same level as that of the 
reservoir, the velocity at G would be • 86 of that due to gravity, 
or to the difference of level between E and F, and the same co- 
efficient applies to the openings of a bridge with square piers as 
in Fig. 33. 

With an opening in a sluice-gate of small thickness, as at 
Fig. 35, the head of water being above the lower edge of the 
gate, the velocity is only • 635 of that due to gravity, a contrac- 
tion (2) occurring on all the four sides of the aperture. If the 
gate be fully drawn up, the opening becomes a weir, as at Fig. 36, 
then contraction occurs on three sides only, and the co-efficient 
rises to • 667. These co-efficients are given by Eytelwein, and 
Table 15 gives the velocities for different heads calculated by 
them. 

(52.) "Head to overcome Friction of Channel" — When the 
channel is a long one, there is not only a loss of head due to the 
velocity, but also a further loss by friction against the sides and 
bottom. Where the channel is of equal cross-sectional area 
from end to end, the loss of head increases uniformly from end 
to end, and the surface of water has a certain slope or fall per 
yard, or per mile. Fig. 37 shows the section of a water-course 
in which the fall from the still water in the reservoir at A to 
the point B is due to the velocity at B, and this would be the 
same whatever the length of the channel ; its amount varies 
with the form of the entrance as explained in (51). From B to 
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C there will be a regular slope when the area of the channel is 
uniform, and the fall C D is due to friction for the length B C. 

Table 15. — Of the Velocities in Feet per Second, due to given Heads. 



Head 

in 
Inches. 



A. 

Coef. 1-0. 



B. 

Coef. -96. 



C. 

Coef. -86. 



D. 

Coef. -635. 



i 

i 

72 

TV 
l 



8 

1 

"ar 

A 

I 
1 1 , 

16 
4 

ia 

7. 

8 
1 5 
Tff 



•29 




•2784 




•41 




•3936 




-58 




•5568 




•82 




•7872 


1 


•0 




•9600 


1 


158 


1 


1117 


1 


•295 


1 


■2432 


1 


•418 


1 


•3613 


1 


•532 


1 


•4707 


1 


•638 


1 


•5725 


1 


•737 


1 


•6675 


1 


•831 


1 


•7577 


1 


921 


1 


•8442 


2' 


006 


1 


•9258 


2- 


088 


2 


0045 


2- 


167 


2 


0803 


2- 


243 


2' 


1533 



•2494 
•3524 
•4988 
•7052 
•8600 

•9959 
1-1140 
1-2195 
1-3175 
1-4087 

1-4938 

1-5747 

1-662 

1-725 

1-796 

1-863 

1-929 



18415 

2603 

3683 

5207 

6350 

7353 
8223 
9004 
9728 
0401 

1030 

1627 

2198 

2738 

3259 

376 

424 



Head 

in 
Inches. 



A. 

Coef. 1*0. 



B. 

Coef. -96. 



C. 

Coef. -86. 



D. 

Coef.* 635. 






2* 
3* 



2-317 
2-590 
2-837 
3 065 
3-276 

3-475 
3-663 
3-842 
4-012 
4-176 



4 

4 

4" 

4 

5 

5 

5 



334 
486 
633 
914 
180 
433 
675 



2224 
4864 
7235 
9424 
145 

336 
516 
688 
851 
009 

161 
306 
448 
717 
973 
216 
448 



•9930 


1- 


•2270 


1- 


•4398 


1- 


•6360 


1- 


•8174 


2- 


•9885 


2- 


•1502 


2- 


•3041 


2- 


•4503 


2- 


•5914 


2- 


•7272 


2- 


•8580 


2- 


•9844 


2- 


•2260 


3- 


•455 


3- 


•672 


3- 


•881 


3- 



4713 
6446 
8015 
9463 
0803 

2066 
3260 
4397 
•5476 
6517 

-7521 
8486 
9420 
1204 
2893 
450 
6036 



(53.) This fall may be calculated by the following rule : — 

/C\2 

_(a) * L x p . 



F = 



874520 x A 



In which L 
A 
P 
F 



C = 



length of the channel in yards. 

cross-sectional area of the stream in square feet. 

the perimeter, or wetted border in feet. 

the fall, or difference of level at the two ends of 

the channel in inches, 
cubic feet discharged per minute. 



Thus, in the case shown by Fig. 38, A being 6 x 2*5 = 15 
square feet, P = 2*5-j-6 + 2'5 = 11 feet, say that with such 
a channel 1760 yards, or one mile long, we require the fall to 

*1 
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discharge 1105 cubic feet per minute : then by the rule we 



(^y x 1760 x 11 



have in our case o" gnA — = 8 inches fall. 

874520 x 15 

(54.) To this has to be added the head for the velocity at 
entry, or A B in Fig. 37. The mean velocity being -— ^- = 

73-66 feet, the maximum (50) will be = 87-7 feet per 

minute, or 1*46 foot per second, the head for which, with square 
corners, is given by Col. C of Table 15 at about £-inch. Then 
for a channel one mile long, the total head will be 8 + £ = 8^ 
inches ; for £th of a mile, or 220 yards, 1 -f- £ = 1£ inch, and 
for 110 yards, £ -f- % = 1 inch. In the last case the head for 
velocity is equal to the head for friction. 

(55.) When the fall is given, and the discharge has to be 
calculated the rule becomes :— 

C=( 87452 L °X^ XA )**A. 

Thus, with the same channel as before, 1760 yards long, and a 

fall of 12 inches, the discharge would be ( — — — V 

X 15 = 1353 cubic feet per minute. We have omitted in this 
case to allow for the head due to velocity, and where the channel 
is a long one, the omission will not cause a serious error ; with 
short channels, however, it must not be neglected. 

(56.) When, with a given total head, we have to calculate the 
discharge by a channel so short that the head for velocity has 
to be considered as well as that due to friction, the question does 
not admit of a direct solution, because we cannot tell beforehand 
in what proportions the head at disposal has to be divided 
between the two. The best course in that case is to assume 
a discharge, and calculate, as in (53) and (54), the head for 
friction and the head for velocity with that discharge. Then 
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applying the law (27) that the discharges are directly propor- 
tional to the square roots of the respective heads, we may obtain 
the true discharge with the given head. Thus say that with the 
channel (Fig. 38) 50 yards long, the total head at disposal was 
2 inches, and that we have to calculate the discharge. Say we 
assume it at 1000 cubic feet ; then the head for friction would be 

/1000V ^„ „., 

("is") x 50 * u 

874520x15 ' ' 186 mck 

The mean velocity being — r- = 66 • 7, the maximum will be 

Id 

fifi # 7 

-— - = 79 • 3 feet per minute, or 1 • 32 foot per second, the head 

for which by Col. C in Table 15 is about -^ or * 437 inch ; the 
total head for 1000 cubic feet is, therefore, • 186 + • 437 = 
* 623 inch : hence the discharge with 2 inches head would be 

1000 x V2 1000 x 1-414 

. — or = 1791 cubic feet per minute. 

V'623 -7893 * 

Checking this result by the rule in (53) &c., we find that the 
head for friction is about • 6 inch, and for velocity 1 • 4 inch. If 
in this case the head for velocity had been neglected, and the 
full head of 2 inches had been allowed for friction alone, the dis- 
charge would have come out / 874520 X 2 X 15 \* x 15 = 3276 

\ 50 x 11 / 
cubic feet, instead of 1791, the true discharge. This will serve 
to show the importance of considering the head for velocity with 
short channels. . . 

(57.) Table 30 has been calculated by the following modifi- 
cation of the rule : — 



= (F x R X 497)* 



In which V = mean velocity in feet per minute. 
F = the fall in inches per mile. 
E = hydraulic radius, or area in square feet, divided by 
border in feet. 
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The use of this Table may be illustrated by the following 

examples : — Say we calculate by it the discharge of the channel 

(Fig. 38) with a fall of 12 inches per mile as in (55), The 

15 
hydraulic radius in our case is yj = 1 '363 foot, the nearest radii 

to which in the Table we find to be 1*3 and 1 • 4, and the corre- 
sponding velocities under the fall of 12 inches per mile are 
88 • 1 and 91 • 4 respectively ; interpolating between those num- 
bers for our radius 1 • 363 we find the mean velocity to be about 
90 • 2 feet, and the discharge 90 • 2 x 15 = 1353 cubic feet per 
minute. 
Again, to find the fall with the same channel 800 yards long 

1230 
for 1230 cubic feet per minute : — The mean velocity being 

J.O 

= 82 feet per minute, we look between 1 • 3 and 1 • 4 radii in the 

Table for that velocity, and we find it to be under the fall of 

10 inches per mile, or • 00568 inch per yard ; hence the fall 

in our case is about • 00568 x 800 = 4 • 54 inches for friction 

alone, or C D in Fig. 37. 

(58.) Take another case, shown by Fig. 40, of an open cutting 

with sloping banks, and say that we require the discharge with a 

30-4-20 
fall of 8 inches per mile. The area being — ~ — x 2 • 5 = 62 • 5 

square feet, and the border 5-6 -f- 20 -f- 5*6 = 31*2 feet, the 

hydraulic radius is qtto = % which, by Table 30, with a fall of 

8 inches per mile will have a velocity of 89 • 2 feet, and a dis- 
charge of 89 • 2 x 62 • 5 = 5575 cubic feet per minute. 

(59.) " Biver Channels of irregular Gross-section" — The appli- 
cation of the rules to the discharge of a stream of the natural 
irregular form of section may be illustrated by Fig. 41. We 
found in (68) that the area was 27*74 square feet; taking say 
2 feet in the compasses, and stepping along the border, we find 
it to measure about 24 • 5 feet, the hydraulic radius is, therefore, 

27-74 

"oTTk" = 1 ' 132 foot. Then, with a fall of say 10 inches per 
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mile, Table 30 gives, opposite the radius of 1 • 1 (which is the 
nearest to the one we require), the mean velocity of 73 • 9 feet pei 
minute ; hence the discharge is 73 • 9 x 27 • 74 = 2050 cubic fee? 
per minute. With a very short channel, allowance should b: 
made for velocity at entry, as explained in (56). 

Table 30 may also be applied to the calculation of the dis- 
charge, &c, of common pipes running full, or to those of & 
square or other section, for an illustration of which see (36), also 
to culverts, &c, partially filled, see (62). 

(60.) " Openings of Bridges, dtc" — The head lost by a stream 
in passing through a bridge is principally that due to velocity 
alone, the length of the channel being in most cases so short as 
to have little influence on the discharge. The head for velocity 
may be calculated by Table 15 : say we take the case (58) of 
the stream (Fig. 40) discharging 5575 cubic feet per minute, 
and passing through an opening at a bridge, say 8 feet wide and 
3 feet deep. The area being 8 x 3 = 24 square feet, the velocity 

will be ^ wt; = 3*87 feet per second, which, with pointed 

24 x 60 r 

piers (Fig. 32) will require by Col. B of Table 15, 3 inches 

head (A, B in Fig. 37). But, the stream approaches the bridge 

89*2 
with a mean velocity of 89*2 feet, or a maximum (50) of -^j- 

= 106 feet per minute, or 1 • 77 foot per second, the head due to 
which by the same Table is £ inch. The head at the bridge is, 
therefore, reduced to 3 — -| = 2f inches ; with square piers 
(Fig. 33), the head by Col. C is 3| inches, or at the bridge 
3 3 _ 5 _ 31. inches. 

(61.) "Submerged Openings" — The velocity of discharge 
through a submerged opening A (Fig. 43) is governed by the 
difference of the level of water at the two sides of it, or by H, 
and is not affected by the depth below the surface at which it is 
placed. Table 15 will give the velocity with small heads : thus 
an aperture 2 feet x 1 * 5 foot = 3 square feet area, and with H 
= 5 inches, would, by Col. D of Table 15, discharge 3*2893 x 3 
ss 9 • 87 cubic feet per second. 
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(62.) " Discharge by Egg-shaped Culverts" — The discharge of 
culverts of the common, oval or other forms may be calculated by 
the preceding rules, or by Table 30. The proportions of culverts 
are arbitrary. Fig. 44 shows a good form, and Table 16 gives 
the general sizes, areas, &c, when filled to two different depths, 
so as to adapt the Table to the varying requirements of practice. 
Say we take the case of a 5-feet culvert $ ths full of water or 
4 feet 2 inches deep, with a fall of 10 inches per mile, then, by 
Table 16, the hydraulic radius is 1 * 105, and the area of water- 
way 10 • 82 feet ; by Table 30 we find that with 1 • 1 hydraulic 
radius, and a fall of 10 inches per mile, the mean velocity is 
73 • 9 feet, and the discharge 73 ; 9 x 10 • 82 = 800 cubic feet per 
minute. 

(63.) With very short culverts, allowance must be made for 

the velocity at entry by Table 15, &c. ; thus, in the case just 

given, if the culvert had been only 45 yards long, the fall due to 

friction alone would have been, by Table 30, equal to • 00568 

73*9 
X 45 = • 255 or £ inch ; the mean velocity is -^r- = 1 • 23 and 

1-23 
the maximum — ^-r =1*46 foot per second, the head due to 

•84 

which by Col. C of Table 15 is about £ inch. The total head is 

therefore, J + £ = f of an inch. To calculate with precision 

the discharge of short culverts, with a given fall, the method 

explained in (56) should be followed. 

(64.) u Head for very Low Velocities." — In ordinary cases 
Table 30 gives results sufficiently correct for practical purposes 
with great facility, but with very small velocities experiment 
has shown that the head is considerably greater than that Table 
would give. In such cases the more laborious and refined 
formulaa of Prony, Saint Venant, and Eytelwein give more 
correct results. A comparison of these three rules with 96 ex- 
periments on the discharge of rivers shows that Eytelwein 's 
rule agrees best with 38 experiments, Saint Yenant's with 32, and 
Prony's with 26. The following is a modification of Eytelwein's 
rule: — 
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= /896400 x F x A 



+ 42-8^- 6-534) x A; 



99 



» 



M 



99 



LxP 

In which L = length of the channel in yards. 

A = cross-sectional area of the stream in square feet. 
P = the perimeter, or border of the channel in feet. 
F = the fall, or difference of level at the two ends of 

the channel in inches. 
C = cubic feet discharged per minute. 

(65.) Thus, say that we require the discharge by the channel, 
Fig. 40, 1 mile long, with a fall of 1 inch only, then L = 1760, A = 
62-5, P = 31-2, as in (58), and F = l,and the discharge will be 

cubic feet per minute. We may compare this result with that 

given by the rule in (55), by which the discharge comes out 

/ 874520 x lx62-5 M^ flft K 107O , . # . 

y -=£jt ^yr^ — l 2 X 62*5 = 1972 cubic feet per minute = 

1972 
1629 



1760 x 31-2 
= 1 • 21, or 21 per cent, difference. But with an increased 



head, the difference becomes less, and is reduced practically to 
nothing with large heads, as shown by Table 17. 

Table 17.— Of the Discharge of an Open Channel, Fig. 40, 

calculated by Different Rules. 



Fall in 


Calculated Discharge. 


Difference 
per Cent. 


By Table 30. 


Inches 
per Mile. 


By Rule in (64). 


By Rule in (55). 


1 


1629 


1972 


21-0 


Velocity. Area. Discharge. 
31-5 X 62-5 = 1969 


2 


2444 


2788 


141 


44*6 ,, 2788 


3 


3073 


3416 


111 


54-6 ,, 3413 


4 


3556 


3943 


10-9 


63 ,, 3938 


5 


4074 


4409 


8-2 


70-5 ,, 4406 


6 


4499 


4830 


73 


77*2 ,, 4825 


8 


5253 


5577 


6*2 


89-2 ,, 5575 


10 


5918 


6235 


5-3 


99-7 ,, 6231 


12 


6519 


6834 


4-9 


109-2 ,, 6825 


24 


9380 


9649 


30 


154-4 ,, 9650 


36 


11576 


11831 


2-2 


189 1 ,, 11819 
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This shows that in all cases where extreme accuracy is desired, 
the rule in (64) should be used ; but that where the fall exceeds 
8 or 10 inches per mile, Table 30 gives results sufficiently 
correct for most practical purposes. 

(66.) When the discharge is given, to determine the fall, the 
rule becomes 



F = 



(j + 6-534Y- 42-8) x L x P 



896400 x A 



Thus the fall for friction with the same channel, Fig. 40, 2000 
yards long to deliver 3000 cubic feet per minute would be 

(^ + 6-534Y-42-8) x 2000 x 31-2 

V 625 L = 3 • 26, or 3i inches. 

896400 x 62-5 

Adding the head due to velocity at entry (51), the mean velocity 

. 3000 . Q ... . 48 

is no~T = ^°> "^ * ne niaximum Tqt = 57 feet per minute, or 

• 95 foot per second, the head for which by Col. C of Table 15 
is about \ inch ; the total head is therefore 3 J + J = 3£ inches. 
(67.) Table 18 has been calculated by the following modifi- 
cation of Eytelwein's rule : — 

(V + -1089) 9 - -0118858 



8975 



= R . S. 



In which V = the mean velocity over the whole area in feet per 

second. 

t> a -u a v a- • * * area in square feet 
R = the hydraulic radius in feet, or — ^ — =— ~ — ■?— — 
* border in feet 

, fall in inches 

S = the slope, or . -=-—. — ; — =— . 

length in inches 

By this Table approximately correct results may be obtained 
with less labour than by the rules. 

1st. To find the Velocity. — Multiply the area of the channel 
in square feet by the fall in inches, and divide the product by the 
border in feet multiplied by the length of the channel in inches : 
find the nearest number thereto in Col. B of Table 18, and oppo- 
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site to that number in Col. A is the required velocity. Thus 

62-5 x 1 
for the case in (65) we have 31 . 2 x (1760 X 36) = 'O 000316 ' 

the nearest number to which is '00003043 opposite *425 foot 
per second. By interpolation we may obtain a nearer approxi- 
mation ; for, as E . S varies nearly as V*, we have 
/•425' x -0000316 ^ / • 180625 x -316 ^ _ 
I -00003043 ) ° V \ -3043 ) " 4<531foot P er 
second, hence the discharge comes out '4331 x 60 x 62*5 = 
1624 cubic feet per minute, or practically the same as by the 
rule (65). 

Table 18. — For the Discharge of Canals, Rivebs, &c., by 

Eytelwein's Rule. 



Mean Velocity 

in Feet per 

Second. 



R.S. 



025 

05 

075 

1 

125 

15 

175 

2 

225 

25 

275 

3 

325 

35 

375 

4 

425 

45 

475 

5 

55 



0000006734 

000001489 

00000244 

000003538 

000004771 

000006144 

000007656 

000009307 

0000111 

00001303 

00001510 
00001730 
00001966 
00002214 
00002477 

00002753 

00003043 

000033484 

00003666 

00003998 

00004705 



Mean Velocity 

in Feet per 

Second. 


B.S. 




•6 
•65 

•7 

75 

8 


•00005466 
■00006284 
'00007158 
•00008087 
00009072 


1 
1" 


85 

9 

95 



1 


00010112 

0001121 

0001236 

0001357 

00016146 


1 

1' 

1 

1 

1 


2 
3 
4 
5 
6 


0001895 

00021984 

0002524 

00028703 

00032402 


1 
1 
1 

2' 
2« 
3 


7 
8 
9 

5 



0003632 
0004047 
000448 
0004943 
'000757 
001075 


A 


B 



2nd. To find the Fall. — Divide the given discharge by the 
given area, and by 60, which will give the mean velocity in feet 
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per second ; find the nearest number to that in Col. A, which, 
multiplied by the border in feet and by the length of the chan- 
nel in inches, and divided by the area in square feet will give 

the fall in inches. Thus, for the case in (66) we have ^-^ = 

48 
48 feet per minute, or — = • 8 foot per second, the tabular num- 

60 

ber for which is -00009072 ; then 

.00009072 x ny (2000 x 36) m 3 . 26 ^ ^ 

as before. 

68. " Case of a Mill-stream" — As an example of the practical 
application of the rules, we will take a case in which it is 
desired to utilize a stream of water for driving a corn-mill. Say 
we have a stream 1500 yards long, with a total fall of 6 ft. 6 in. 
from the tail of the preceding mill. We have first to ascertain 
the quantity of water at disposal : selecting a spot where the 
current appears to be tolerably uniform for some 100 feet, and a 
season when the quantity is an average one according to local 
authorities, say we take it at a point 24 feet wide as in Fig. 41. 
We have then to obtain the area of the stream, and to do that, may 
divide the width into eight equal spaces of 3 feet each, as in the 
Figure, which may be done conveniently by stretching a tape 
across the stream : then we measure the depths midway between 
those divisions or at 1*5 foot, 4*5, 7*5 feet, &c, &c, using a 
measuring rod with a fiat board about 7 or 8 inches square at 
the end of it, to prevent penetrating the soft bottom ; and thus 
we obtain the series of measurements given in the figure, the 
mean of which we find to be 1 • 156 foot, the area is therefore 
1-156 x 24 = 27-74 square feet. To find the velocity, two 
lines may be stretched across the stream near the surface, and 
say a "chain" or 66 feet apart, and a float being placed a few 
yards above the highest one, and in the centre of the width, or 
rather where the velocity is observed to be greatest, the exact 
time in passing from line to line is carefully noted. This float 
should be a small piece of thin wood, say only £-inch thick, so 
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as to be almost wholly immersed, and thus expose little surface to 
the action of the wind. Say that the float travels the 66 feet in 

20 seconds, in one minute therefore it would be — ^ — = 

198 feet. This being the maximum velocity, the mean (50) over 
the whole area would be 198 X • 84 = 166 feet per minute, hence 
the discharge is 166 x 27*74: = 4600 cubic feet per minute. 

(69.) The total fall is 6 feet 6 inches ; allowing 6 inches for 

the fall of the stream itself, the net fall at the wheel will be £ 

6 feet ; a cubic foot of water weighing 62 • 3 lbs. ; the horse- T 

power being 33,000 foot-pounds; and allowing that a breast- f 

wheel yields 50 per cent., or • 5 of the gross power of the water, t 

, 4600 x 62-3 x 6 x '5 ... . - 

we have QQArtA = 26 horse-power. A pair of r " 

4-feet stones, grinding 4 bushels of corn per hour, requires 
about 4 horse-power, and a dressing-machine about 6 horse; 
if we allow four pairs of stones, we should require 16 -j- 6 
= 22 horse-power, leaving 4 horse-power for the mill-gearing 
and small machines, &c. The diameter of the water-wheel 
may be about 2*5 times the fall, say 15 feet, and the speed 
of its circumference being 4 feet per second, or 240 feet per , 
minute, and the depth of the bucket 1*5 foot, the width of 

the wheel would be zr-r^ -— =■ = 12 • 8, say 13 feet. With other 

240 x 1*5 J 

kinds of water-wheel the duty would be different : a good over- 
shot wheel would give from 70 to 80 per cent., a breast-wheel 
from 45 to 60, and an undershot, in which the water acts only 
by its impulse, from 27 to 30 per cent. 

(70.) The channel must now be altered, so as to deliver 4600 
cubic feet per minute, with a fall of 6 inches in 1500 yards, or 

— j^Xj: — = 7 inches per mile. When altered to the form 
X5UU 

24 + 12 
A, B, C, D, the area will be ^ x 3 = 54 square feet, the 

mean velocity to discharge 4600 cubic feet will be -tj- = 85 • 2 
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feet per minute; the border is 6 % 7 -f- 12 -}- 6*7 = 25*4 feet, 

54 
and the hydraulic radius -^77 = 2* 126 feet. Then by Table 30 

between 2 and 2*2 radii, the velocity 85*2 feet is found to be 
under the fall of 7 inches per mile, the fall we allowed. It 
should be observed that it is imperative that the slope shall be 
uniform from end to end, at least where the area of the channel 
is uniform. 



CHAPTEE IV. 

ON WEIBS, 0VEEFL0W-PIPE8, &0. 

(71.) " Weirs" — Fig. 36 shows a weir arranged for the pur- 
pose of gauging experimentally the quantity of water passing 
down the stream. A is a plate of thin iron with a notch cut out 
of it wide enough by estimation to carry off the water with a 
moderate depth of overfall ; this is screwed to a thick plank B, to 
obtain the requisite stiffness for the plate, and the whole is fixed 
in the stream as shown. C is a stake with a fiat and level top, 
which is driven into the bed of the stream to such a depth that 
its top is exactly level with the lip of the weir, and the depth of 
water flowing over is measured by a common rule held on its 
summit. The proper distance of the stake from the weir de- 
pends on the quantity of water to be dealt with ; in small weirs 
it may be from 1 to 2 feet, in very large ones 20 to 25 feet ; the 
object is to place it far enough away to avoid the curvature of 
surface which the water suffers as it approaches the weir, as 
shown by the Figure. There is some uncertainty in measuring 
by a rule in the manner indicated, arising from the capillary 
attraction causing the water to adhere to the rule and to rise 
above its true height. A more correct method is to use Francis's 
hook-gauge, a rough modification of which is shown by Fig. 36. 
The stake J is, in this case, driven to such a depth that its top 
is at a height convenient to the eye, say 30 inches above the level 
of the lip of the weir ; then a rough hook-gauge D, formed of 
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wood about 1 inch thick, is cut in the form shown, the end E 
being flat and level, and the length E F made exactly equal to 
G H or 30 inches. The hook-gauge is held against the stake, 
and carefully adjusted, by the hook at E being first immersed, 
and then raised until it just coincides with the surface of the 
water ; the depth of overflow is then given by the distance from 
the top of the stake to the top of the gauge at F, measured by a 
rule, &c. 

(72.) With a thin plate, and depths thus measured from still 
water, we have the following rules : — 

Q = dx Jdx IX 2*67 

i- G 



dx^dx 2'67 



X 

In which G = gallons discharged per minute. 
„ d = depth of overflow in inches. 
„ I = length of weir in inches. 

Thus, with 2 inches overflow, a weir 72 inches long discharges 

2 x 1*4142 x 72 x 2-67 = 543*7 gallons per minute; again, 

to discharge 694 gallons per minute, with 3 inches overflow, we 

694 

should require a length of ^ =—--«-« tt-?^ = 50 inches ; and 

* ° 3 x 1*732 x 2*67 

again, to find the depth of overflow to carry 1282 gallons, with 

1282 ^ a/- 

a length of 60 inches, we have go * 2*67 = ' n ^ = ^' 

and 2 9 = 4 inches, the depth required. Table 19 has been calcu- 
lated by these rules, and its use may be illustrated by the ex- 
amples just given ; thus with 2 inches overflow the Table gives 
7 • 552 gallons per inch, and a weir 72 inches wide will discharge 
7*552 x 72 = 543*7 gallons; a weir with 3 inches overflow 
discharges 13* 87 gallons per inch of width, and for 694 gallons 

694 
we require a length of = 50 inches • a weir 60 inches 

lo" o7 
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long discharging 1282 galloi 

per inch wide, which by the Table is due to 4 inches overflow, &c 



Table 19.— Of the Discharge of Water over Weirs, 
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(73.) u Effect of Thickness of CresLT—Whea the lip of the 
weir has a considerable thickness, which is frequently a practical 
necessity, the discharge will be less than with a thin plate, aloes 
arising from friction. Mr. BlackwelTs experiments, made on a 
large scale, and with depths of overfall ranging from 1 inch to 
14 inches, give ns the following coefficients, by which Table 19 
may be adapted to the forms commonly met with in practice : — 



Thin plate, weir 10 feet long 

Plank. 2 inches thick, square edged, weira 3, 6, 10 feet long 
Crest, 3 feet thick, level at the top, „ „ w 

„ „ sloped top, slope 1 in 12 to 1 in 18 



Batioef 



1-000 

•845 

•712 

760 



Thus, say we have a river-weir 30 feet wide, with 6J h 
overfall, the crest having a slope of 1 in 12, then the discharge 
will be 44-25 x 360 x "76 = 12,107 gallons per minute, or 

^^ = 1943 cubic feet 

(74.) Table 19 may be applied to rectangular apertures like 
Fig. 35, for the discharge in such a case is the difference between 
two weirs, A, B, G, D, and A, E, F, D ; say the head to the top of 
the aperture (A,B) is 16 £ inches, and to the bottom (A,E) 
22 inches, and that the width (E, F) is 20 inches. Then, by 
Table 19, 22 inches = 275*5 gallons per inch, and 16£ inches = 
179 • gallons ; the difference is, therefore, 275 • 5 - 179 • = 96 • 5, 
and the discharge 96 ■ 5 x 20 = 1930 gallons ; bnt as contraction 
occurs on four sides in this case, see (51), the real discharge 
would be 1930 x '685 -f- '667 = 1837 gallons per minute. 
The coefficients in (73) do not apply to apertures with l^rge 
heads. 

Similarly we may determine the discharge of round apertures, 
or approximately of any regular figures, which will not differ 
materially from that of a circumscribing rectangular opening, 
reduction being made for the true area of the figure whose dis- 
charge is required. Thus, say we require the discharge of a 



circular aperture 12 inches diameter, tho head measured from 
the upper edge of the orifice being 14 inches, therefore, 26 inches 
above the lower edge. Here we have 354-0 - 139-8 = 214-2 
gallons per inch wide, and if the aperture were roctaugular it 
would discharge 214-2 x 12 = 2570-4 gallons; but being cir- 
cular its area is ■ 7854, that of a circumscribing rectangle being 
1-0, and the true discharge is 2570-4 x "7854 x -635-^-667 
= 1922 gallons per minute. 

(75.) "Effect of Velocity of Approach to Weirs, dc"—We 
have so far supposed that tho head has been measured from still 
water, or that the channel was of very large area in proportion 
to tho discharging orifices. When the channel is of small area, 
the water will have a sensible velocity as it approaches the aper- 
ture, which will increase the discharge, and correction must be 
made for it by adding to the measured head, that due to the ob- 
served velocity of approach. Table 15 gives the head duo to a 
range of velocities such as are likely to bo met with in ordinary 
practice ; thus, in tho case of a weir 60 inches wide, with 
3| inches overfall, the discharge = 18 - 42x 60 = 1105 "2 gallons, 
but if the velocity of approach had been 66 feet per minute or 
1 ■ 1 foot per second, we find the head due to that velocity in 
Col. B = J inch, and the head on the weir becomes 3g -j-£ = 3 J, 
and the discharge 20 '37 x 60 = 1222 gallons. More strictly, 
it is the difference between two weirs with the respective over- 
falls of 4 inch and 3$, or (20- 37 --3338) x 60 = 1202 gallons, 
instead of 1105'2 gallons, as we found it for still wator. 

(76.) " Correction for Short Weirs."— The rules in (72 )ai 
that the discharge of a weir is simply proportional to its length. 
This is not strictly correct ; in ordinary cases whero the n 
narrower than the channel, the issuing stream suffers contraction 
at the two ends, by which its length ia virtually reduced, and a 
this contraction is about the same with all lengths its effect is 
proportionally greater with short weirs than with long ones. 
The experiments of Francis show that the effect of contraction 
at hoth ends is to reduce the effective length 0'2 inch for each 
inch in depth of overfall, or 1 inch with 5 inches deep, 2 inches 
with 10 inches deep, &c. With 5 inches overfall, and weirs 
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6, 10, 20, 50, and 100 inches long, Table 19 gives 149, 298, 
597, 1492, and 2985 gallons per minute ; but deducting one 
incii from nil tbose lengths, they are reduced to 4, 0, ID, 49, and 
99 inches, and the discbarges become 119, 268, 567, 1462, and 
2955 gallons. Francis gives a rule fur weirs with thin plates, 
of which the following in a modification : — ■ 

G = 2-4953 X (l~Qlnd)x d% 

In which n - the number of end contractions (usually two), 
and the rest as in (72). Where tho weir is the full width of 
the channel, n = 0. By this rule, with the real lengths given 
above, the discharges come out 112, 251, 530, 13G7, and 2762 
gallons, which are rather less than with the reduced lengths by 
Table 19. 

(77.) " Overflow-pipes to Tanks, &c" — The rules and Table 
for weirs apply also with approximate correctness to an overflow- 
pipe to a tank, as in Fig. 46, which may be considered as a cir- 
cular weir whose length is equal to the circumference of the 
trumpet-month. The following rules will give the same result 
more directly : — 

G = Dx-/Bxdxc\± 
G 



8-4 x Dx^D 
\ &-ixd)' 



In which d = the diameter of the trumpet-mouth in inches, 
D = depth of water over the lip (measured from still-water) in 
inches, and G- = gallons discharged per minute : Table 20 has 
been caleidated by this rule. The size of the discharge-pipe A 
must be determined by the ordinary rules ; with short pipes the 
dischargo is governed principally by the head due to velocity, 
which is given by Table 1 rather than Table 2 for a pipe of this 
form. For tanks 8 fuut <l<:<_p, ami with a ilisdmrge-pipe of that 
length, Table 21 gives the maximum discharge. Say wo hud 
to provide for 400 gallons per minute : — Table 21 shows that 
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4 inches is the smallest size of pipe admissible, and allowing 
2£ inches for overflow, Table 20 gives 12 inches for the leasl 
diameter of trumpet-mouth. We must allow some margin foi 
contingencies, and in such a case, the lip of the trumpet-moutl 
should not be less than 3 inches below the top of the tank, anc 
thus 3 inches is practically lost in the useful depth of the tank. 

Table 21. — Of the Maximum Discharge of Vertical Pipes 

3 Feet long. 



Diameter of 

Pipe 
in Inches. 



Maximum Dis- 
charge in Gallons 
per Minute. 



1 

1* 
2 

3 



19 

45 

88 

145 

220 



Diameter of 


Maximum Dis- 


Pipe 


charge in Gallons 


in Inches. 


per Minute. 


3J 


i 
303 


4 


400 


5 


630 


6 


920 


7 


1300 



(78.) Fig. 47 shows a simple contrivance of the late Mr. Appold 
by which this loss may be avoided, and the water-level no1 
allowed to rise more than about |th of an inch above the lip oi 
the trumpet-mouth, even when the descending pipe is discharg- 
ing full-bore. B is a dished cover of sheet copper, &c, supported 
on four brackets C, C, cast on the pipe, so that its lip at D ic 
at the same level as the lip of the trumpet-mouth. When the 
water rises to that level, it does not immediately flow over when 
the lip is dry, but rises perhaps -^th of an inch above it, and 
then, suddenly overflowing, creates a partial vacuum under the 
cover, causing the water' to rise there above the level of the water 
in the tank and filling the pipe full-bore. The air under the 
cover is swallowed up by the rush of the water, and the maximum 
quantity which the pipe can carry is delivered. This continues 
till, the water being drawn down below the lip of the cover at D, 
air enters, and the action suddenly ceases, to be again repeated 
should the water rise. As the action depends on the suction of 
the down-pipe, which will not be perfect if the bore is not well 
filled, it is expedient not to make that pipe much larger than 
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jieeessury. It is nana,! to construct the pipe so as to servo as a 
wash-out valve, the joint at the bottom being turned aud bored 
to fit water-tight. 

(79.) " Overflows to Fountains." — In ornamental fountains with 
shallow basins it is important that the wator-level should fluc- 
tuate as little as possible ; hence the form of overflow-pipe just 
described is specially applicable to such cases. It is generally 
desirablo that the pipe should bo concealed, which may be done 
by filing it in a small supplementary cistern by the side of the 
fountain basin, with a large passage between them. For small 
fountains with say 100 gallons per minuto, an inverted overflow- 
pipe may be used, as in Fig. 42 ; a short pipe A, which serves 
also as a waste-pipe to empty the basin when necessary by the 
cock B, carries the overflow trumpet-mouth C. Say we havo 100 
gallons ; then 'with a 6-inch pipe at A, the head for velocity at 
entry would be about 1 inch, and with a 12-inch trumpet-mouth 
the head for overflow, by Table 20, is also 1 inch, so that the 
water-line would fluctuate 2 inches. The cock E may be of 
smaller size, say 8 inches, the end of the pipe being roduced to 
suit it. With care, such an arrangement might bo used for a 
very large quantity, by adjusting the cock so as to carry rather 
less than tho supply, leaving the trumpet-mouth to carry off the 
surplus and regulate the level. 

(80.) "Common On-i-jhir-]ii]ie."~ When an overflow takes the 

form of a short pipe inserted in the side of a cistern, as in Fig. 45, 

and the water to be carried off is just sufficient to fill the pipe, the 

discharge will be given approximately by tho following rule : — 

G = d E - ! x 3-2; 

In which G = gallons discharged per minute. 

„ d = diameter in inches. 

Table 22, which has been calculated by this rule, may also be 
useful for another purpose. It sometimes happens that the only 
datum which an engineer obtains as a basis for rough estimates 
is, that a spring or stream delivers "about as much as a pipe of 
a certain size would carry." This, of course, is very indefinite, 
but in most cases it means the amount which a pipe would dis- 
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charge without extra pressure, as in Fig. 45 and Table 22 : thus 
an 8-inch pipe just filled delivers about 580 gallons per minute : 
— the pipe in (37) was observed to be nearly filled with the 
issuing stream when discharging 564 gallons. 

Table 22. — Of the Discharge of Outlet-pipes, Fig. 45. 



1 

Diameter. 


Gallons per 


i 

| Diameter. 


Gallons per 


Diameter. 


Gallons per 


Inches. 


Minute. 


Inches. 


Minute. 


Inches. 


Minute. 


1 


32 


5 


179 


13 


1950 


1* 


8-8 


6 


283 


14 


2346 


2 


181 


7 


415 


15 


2788 


2J 


31*6 


8 


580 


16 


3277 


3 


50-0 


9 


778 


17 


3814 


3J 


73-3 


10 


1012 


18 


4400 


4 


1124 


11 


1284 


19 


5037 


4J 


138-0 


12 


1600 


20 * 


5725 



CHAPTER V. 

ON THE 6TBENGTH OP WATER-PIPES — BAINFALL, &0., &C. 

(81.) " Strength of Thick Pipes." — The strength of pipes to 
resist an internal pressure is not simply proportional to the 
thickness of metal. The material stretches or extends under a 
tensile strain, and the result of extension is, that the inside 
metal is more strained than that of the outside, and that thick 
pipes are weaker in proportion to their thickness than thin ones. 
Barlow has given the following rules :— 

» 

E X P 



T = 



P = 



S = 



S-P 

Sx T 
K+T 

(B + T)xP . 
T 
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Iii which S = the cohesive strength of the metal per square 

„ P = the internal pressure per square inch, in the 
some terms as S. 

„ B, = the radius of tho inside of the pipe in inches. 

„ T = the thickness of metal in inches. 
For cast-iron S may bo taken at 7 "142 tons, or 16,000 lbs. per 
square inch, and with taut ritrength we obtain the bursting pres- 
sure given by Table 23, which shows that with a 10-inch pipe 
a thickness of 10 inches gives only four times the strength due 
to a thickness of 1 inch. 

Table 23.— Of the Strength of n 10-iscn Cast-iron Pips to Eesist 
Internal Pressure, in Tons pa Square Inch. 



Thickness in inclu» 


1 


2 


3 


4 


5 


Pressure by Burlow'a rule 


1-19 


2-0-4 


2-68 


317 


3-57 


Pressure by exact calculation 


1-228 


2 '161 


2-m 


3-485 


3-972 


Thickness in inches 


6 


7 


s 


9 


10 


Pressure by Barlow's rule 


3'90 


4-17 


4-40 


4-59 


4-76 


Pressure by exact calculation 


1-337 


4 '722 


5-019 


S-275 


5-5 



Barlow's rule supposes that the extensions aTo simply propor- 
tional to tho strain, which is not quite correct ; by taking the true 
extensions we obtain tho second series of bursting pressures given 
in the Table by a calculation which need not be here elaborated. 

(82.) " Strength of Thin Pipee." — -Barlow's rulo is quite inap- 
plicable to comparatively thin pipes, such as are commonly used 
for water and gas ; there are other and practical considerations 
which that rule does not contemplate. With thin pipes anil 
moderate pressures, we have to consider not ouly tho thickness 
necessary to bear the pressure, but also that required to hour tho 
traffic along the roads in which they are commonly laid. A^ain, 
although great care is taken to keep tin; core central, i! is seldom 
perfectly so; a pipe intended to be J-inch thick is l'ivi|u.ntly 
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$ths at one side and fths at the other, and of course the least 
thickness governs the strength, of the pipe. And again, there 
are in most cases shocks arising from the closing of cocks, Ac, 
against which it is necessary to provide adequate strength. In 
thin pipos, therefore, the determination of the thickness becomes 
a practical question, and we must obtain an empirical rule from 
experience. The rule may take the following form : — 

-cs+-»)+sas). 

In which D = the diameter of the pipe in inchos. 

„ H = the safe head of water, in feet. 

„ ( = the thickness of metal in inches. 

Table 24 has been calculated by this rule, and we have also 
given the approximate weights, from gas-pipes in which the 
pressure is practically nothing, up to 1000 feet of water. Engi- 
neers usually specify the weight of their pipes rather than the 
thickness, leaving the founder to fis that for himself, which long 
practice enables him to do with considerable precision. Of 
course absolute correctness cannot bo attained, and should not 
be expected ; a margin should be allowed, say one pound to 
the inch, either way; so that, for instance, a 10-ineh pipe for 
100 feet head, specified to weigh 4 cwt. 2 qrs. 10 lbs., as per 
Table 24, should not bo rejected if its real weight is between 
4 cwt. 2 qrs. lbs. and 4 cwt, 2 qrs. 20 lbs., &c. Founders con- 
sider this to be a fair allowance for variation in weight. 

(83.) "Proportions of Socket-pipes."— The joints of water- 
pipes are usually made by sockets and spigots run with melted 
lead; and this is the best mode. Such pipes are easy to cost, 
and consequently cheap, the joints are more easily made than 
with flanges, and they admit a considerable departure from the 
strictly straight line which is sometimes very convenient. But 
to allow for this the sockets must be made of larger diameter 
than is necessary where the line is straight, and for this reason, 
perhaps, sockets ore frequently mode larger than they should be 
for making a good joint. For ordinary cases J inch in thickness 
or J inch in diameter will suffice for pipes of 3 inches diameter 
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and under ; say -^ from 3 to 10 inches ; and f for larger sizes. 
Table 25 gives the general proportions for socket-joints, weight of 

Table 25. — Of the Proportions of Joints, &c, for Cast-iron 

Socket-pipes. 
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Depth of 
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lead, &c. : we have also added the average cost of laving pipes, 
including excavating the ground and making good the same ; this 
will vary of course with the nature of the ground and the cost of 
labour in different localities. 

In Table 26 we have given the weights of socket-pipes and 
connections by Bailey, Pegg, and Co., of Bankside, Southwark : 
by reference to Table 24 it will be seen that these pipes are of 
a weight and strength suitable for about 150 feet head in the 
larger sizes, and 250 feet in the smaller ones. 

(84.) "Proportions of Flange-pipes" — Flange-pipes are not 
very often used for water, for reasons already given ; but they 
are convenient for temporary purposes, where the joints have to 
be frequently broken. Table 27 gives the best proportions for 
the flanges, bolts, &c, which will be found to differ considerably 
from those adopted by many makers. The flanges of cast-iron 
pipes are frequently made excessively large in diameter and very 
light in metal. India-rubber rings form the most convenient 
kind of joint for flange-pipes. 
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Table 27. — Of the Proportions of Cast-iron Flange-pipes. 
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(85.) " Strength of Lead Pipes" — The strength of lead pipe 
may be calculated by Barlow's rule (81), taking the cohesive 
strength of drawn lead at 2745 lbs. per square inch, as deter- 
mined by direct experiment. Lead pipes are made of various 
weights to suit the varying requirements of practice; taking 
medium weights, and deducing the thickness therefrom, we 
obtain the following Table, in which the safe working pressure 
is taken at -j^th of the bursting strain : — 



Diameter of pipe 

Weight of pipe, lbs. per foot 

Safe pressure, feet of water 




If I .2 
6-75 & 
122 1 116 



(86.) " Power of Horses, &c, in raising Water" — The power of 
men, horses, &c, in raising water varies with the duration of the 
labour. The following Table gives the number of gallons raised 
1 foot high per minute, with common deep-well pumps, and the 
mean velocity in feet per minute. 



Velocity. 


Hours per Day. 
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Pony, or mule, ditto 


1102 
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780 
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Bullock, ditto 


1470 
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1200 
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930 


157 


Ass, ditto 


457 


410 


374 


323 


290 


220 


Man, with winch pump . . 


249 


222 


203 


176 


157 


147 1 


Ditto, Contractor's pump 


205 


183 


167 


145 


130 
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A good high-pressure steam-engine should raise 3300 gallons 
1 foot high per minute per nominal horse-power ; the friction of 
the pumps being compensated by tho oxcess of the indicated 
power over the nominal. 

(87). " Bam/all."— Tho dopth of rain in this country varies 
very much with the locality ; tho east coast is the driest, the 
annual rainfall being in Northumberland about 28 ' 67 inches, 
diminishing thence gradually to 23 in Norfolk and to 19 '8 in 
Essex, which is the minimum. Thence southward and westward 
it gradually increases to 25-6 in Kent, 30.64 in Sussex, 38'75 
in Dorset, 48 ■ 3 in Devon, and 50 ■ 6 in Cornwall. The midland 
districts have a medium fall: Middlesex 24*1, Leicester 26-0, 
Hereford 29-27, Cheshire 31-3, &c, &o. 

"Heavy iEaina."— For town drainago and other purposes, we 
require to know the maximum fall of rain during storms, 
find that in 



15 



30 



45 



60 



120 180 n 



the maximum fall of rain may be 
0-2 0-75 1-0 1-8 2'5 3-25 
which is at the rate per hour of 
12 9 4 3-6 3-3 3-25 



l'S8 inches. 



" Mahi-iealer Tanks." — Where it is desired to utilize as much 
as possible of the rain falling on a building, the minimum sizo 
of tank becomes an important but complicated question. Taking 
a place with 24 inches annual rainfall, we have evidently an 
allowance for a regular consumption of 2 inches per month. 
But there may bo a drought in which for one mouth no rain 
falls, and tho tank must have 2 inches in store to supply tho 
deficiency. There may also be a wet month with 6 inches of 
rain, and as only 2 inches is consumed, 4 inches must be stored. 
The tank must therefore hold 2 -j- 4 = 6 inches, or £th of the 
annual rainfall. Again, for two months we requiro 4 inches, 
but the rainfall varies from li to 7j inches, and the tank must 
hold (4 - 1|) -j- (7i - 4) = 6 inches, as before. For throe 
months we require 6 inches, but the rainfall varying from 
to 8-7 inches, tho tank should hold (6 - 2-4) + (8-7 - 6\ 

<5>W 
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6 ' 3 inches. From all this we find that a rain-water tank should 
hold at least £th of the annual rainfall. Thus, with 24 inches, 
or 2 feet per year, a building 1830 square feet in area, collects 
1830 x 2 = 3660 cubic feet, allowing a consumption of 10 cubic 
feet, or 62*3 gallons per day, and the tank should hold 3660 -*- 
4 = 915 cubic feet. 

(88.) " Weight and Pressure of Water." — A gallon of water 
at 62° weighs 10 lbs., and contains 277*274 cubic inches, or 
* 16046 cubic foot: hence a cubic foot weighs 62*321 lbs., and 
contains 6*2321, or nearly 6£ gallons. Table 28 gives the 
pressure in ponnds per square inch due to given columns of 
water and mercury. 

Table 28. — Of Equivalent Pressures in Pounds per Square Inch, 
Feet of Water, and Inches of Mercury, at a Temperature of 
62° Fahr. 



Pounds per 


Feet of 


Inches of 


Pounds per 


Feet of 


Inches of 


Square Inch 


Water. 


Mercury. 


Square Inch. 


Water. 


Mercury. 


1" 


2-311 


2-046 


2-5962 


6- 


5-31198 


2- 


4-622 


4-092 


1 3-0289 


7- 


6-19731 


3- 


6-933 


6-138 


1 3-4616 


8- 


7-08264 


4- 


9-244 


8-184 


3-8942 
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7-96797 


5* 


11-555 


10-230 


•48875 


1-12952 
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6- 


13-866 


12-276 


•97750 


2-25904 


2- 


7- 


16-177 


14-322 


1-46625 


3-38856 


3- 


8- 


18-488 


16-368 


1-95500 


4-51808 


4- 


9- 


20-800 


18-414 


2-44375 


5-64760 


5- 


4327 


1- 


•88533 


2-93250 


6-77712 


6- 


•8654 


2- 


1-77066 


3-42125 


7*90664 


7- 


1-2981 


3- 


2-65599 


3-91000 


9-03616 


8- 


1-7308 


4- 


3-54132 


4-39875 


10-16568 


9* 


2-1635 


5- 


4-42665 
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i 









Example. — Required the Pressure per Square Inch, and Equivalent 
Column of Mercury for a Head of 247 feet of Water. 

Pounds per Inches of 

Square Inch. Mercury. 

= 86-54 or 177*066 
= 17-308 
3*029 



Feet of 
Water. 

200 
40 

7 



» 



247 = 106-877 



V 



n 



35-413 
6-197 



218-676 
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E. & F. N. SPON, 

LONDON: 12S, STRAND. 

NEW YORK : 35, MURRAY STREET. 



A Pocket- Book for Chemists, Chemical Manufacturers, 

Metallurgists, Dyers, Distillers, Breivers, Sugar Refiners, Photographers, 
Students, etc., etc. By Thomas Bayley, Assoc. R.C. Sc. Ireland, Ana- 
lytical and Consulting Chemist and Assayer. Third edition, with 
additions, 437 pp., royal 32mo, roan, gilt edges, 5s. 

Synopsis of Contents : 

Atomic Weights and Factors — Useful Data — Chemical Calculations — Rules for Indirect 
Analysis — Weights and Measures — Thermometers and Barometers — Chemical Physics — 
foiling Points, etc. — Solubility of Substances — Methods of Obtaining Specific Gravity — Con- 
version of Hydrometers — Strength of Solutions by Specific Gravity — Analysis — Gas Analysis- 
Water Analysis— Qualitative Analysis and Reactions— r Volumetric Analysis — Manipulation — 
Mineralogy — Assaying — Alcohol — Beer — Sugar — Miscellaneous Technological matter 
relating to Potash, Soda, Sulphuric Acid, Chlorine, Tar Products, Petroleum, Milk, Tallow, 
Photography, Prices, Wages, Appendix, etc., etc. 

The Mechanician : A Treatise on the Construction 

and Manipulation of Tools, for the use and instruction of Young Engineers 
and Scientific Amateurs, comprising the Arts of Blacksmithing and Forg- 
ing ; the Construction and Manufacture of Hand Tools, and the various 
Methods of Using and Grinding them ; the Construction of Machine Tools, 
and how to work them; Machine Fitting and Erection; description of 
Hand and Machine Processes ; Turning and Screw Cutting ; principles of 
Constructing and details of Making and Erecting Steam Engines, and the 
various details of setting out work, etc., etc. By Cameron Knight, 
Engineer. Containing 1 147 illustrations, and 397 pages of letter-press. 
Third edition, 4to, cloth, i&r. 
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On Designing Belt Gearing. By E. J. Cowling 

Welch, Mem. Inst Mech. Engineers, Author of 'Designing Valve 
Gearing.' Fcap. Svo, sewed, 6d. 

A Handbook of Formula, Tables, and Memoranda, 

for Architectural Surveyors and others engaged in Building. By J. T. 
Hurst, C.E. Thirteenth edition, royal 32010, roan, 5j. 

( " It is no disparagement to the many excellent publications we refer to, to say that in our 
opinion this little pocket-book of Hurst's is the very best of them all, without any exception. 
It would be useless to attempt a recapitulation of the contents, for it appears to contain almost 
everything that anyone connected with building could require, and, best of all, made up in a 
compact form for carrying in the pocket, measuring only 5 in. by 3 in., and about \ in. thick, 
in a limp cover. We congratulate the author on the success of his laborious and practically 
compiled little book, which has received unqualified and deserved praise from every profes- 
sional person to whom we have shown it."— The Dublin Builder. 

Tabulated Weights of Angle, Tee, Bulb, Round, 

Square, and Flat Iron and Steel, and other information for the use of 
Naval Architects and Shipbuilders. By C. H. Jordan, M.I.N.A. Fourth 
edition, 32mo, cloth, 2s. 6d, 

Quantity Surveying. By J. Leaning. With 42 illus- 
trations, crown 8vo, cloth, gs. 

Contents : 



A complete Explanation of the London 

Practice. 
General Instructions. 
Order of Taking Off. 

Modes of Measurement of the various Trades. 
Use and Waste. 
Ventilation and Warming. 
Credits, with various Examples of Treatment. 
Abbreviations. 
Squaring the Dimensions. 
Abstracting, with Examples in illustration of 

each Trade. 
Billing. 

Examples of Preambles to each Trade. 
Form for a Bill of Quantities. 

Do. Bill of Credits. 

Do. Bill for Alternative Estimate. 
Restorations and Repairs, and Form of Bill. 
Variations before Acceptance of Tender. 
Errors in a Builder's Estimate. 



Schedule of Prices. 

Form of Schedule of Prices. 

Analysis of Schedule of Prices. 

Adjustment of Accounts. 

Form of a Bill of Variations. 

Remarks on Specifications. 

Prices and Valuation of Work, with 

Examples and Remarks upon each Trade. 
The Law as it affects Quantity Surveyors, 

with Law Reports. 
Taking Off after the Old Method. 
Northern Practice. 
The General Statement of the Methods 

recommended by the Manchester Society 

of Architects for taking Quantities. 
Examples of Collections. 
Examples of" Taking Off" in each Trade. 
Remarks on the Past and Present Methods 

of Estimating. 



A Practical Treatise on Heat, as applied to the 

Useful Arts; for the Use of Engineers, Architects, &c. By Thomas 
Box. With 14 plates. Third edition, crown 8vo, cloth, 12s. 6d. 

A Descriptive Treatise on Mathematical Drawing 

Instruments: their construction, uses, qualities, selection, preservation, 
and suggestions for improvements, with hints upon Drawing and Colour- 
ing. By W. F. Stanley, M.R.I. Fifth edition, with numerous illustrations, 
crown 8vo, cloth, 5^. 
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Spons 9 A rchitects* and Builders Pocket-Book of Prices 

and Memoranda. Edited by W. Young, Architect. Royal 321110, roan, 
4*. 6d. ; or cloth, red edges, 3J. 6d. Published annually* H&eventh edition. 
Now ready. 

Long-Span Railway Bridges, comprising Investiga- 
tions of the Comparative Theoretical and Practical Advantages of the 
various adopted or proposed Type Systems of Construction, with numerous 
Formulae and Tables giving the weight of Iron or Steel required in 
Bridges from 300 feet to the limiting Spans ; to which are added similar 
Investigations and Tables relating to Short-span Railway Bridges. Second 
and revised edition. By B. Baker, Assoc. Inst. C.E. Plates, crown 8vo, 
cloth, $s. 

Elementary Theory and Calailation of Iron Bridges 

and Roofs. By August Ritter, Ph.D., Professor at the Polytechnic 
School, at Aix-la-Chapelle. Translated from the third German edition, 
by H. R. Sankey, Capt. R.E. With 500 illustrations, 8vo, cloth, i$s. 

The Builders Clerk : a. Guide to the Management 

of a Builder's Business. By Thomas Bales, Fcap. 8vo, cloth, is. 6d, 

The Elementary Principles of Carpentry. By 

Thomas Tredgold. Revised from the original edition, and partly 
re-written, by John Thomas Hurst. Contained in 517 pages of letter- 
press, and illustrated with 48 plates and 150 wood engravings. Third 
edition, crown 8vo, cloth, lis. 

Section I. On the Equality and Distribution of Forces — Section II. Resistance of 
Timber — Section III. Construction of Floors — Section IV. Construction of Roofs — Sec- 
tion V. Construction of Domes and Cupolas — Section VI. Construction of Partitions — 
Section VII. Scaffolds, Staging, and Gantries — Section VIII. Construction of Centres for 
3 'ridges— : Section IX. Coffer-dams, Shoring, and Strutting — Section X. Wooden Bridges 
and Viaducts— Section XI. Joints, Straps, and other Fastenings — Section XII. Timber. 

Our Factories, Workshops, and Warehouses: their 

Sanitary and Fire-Resisting Arrangements. By B. H. Thwaite, Assoc. 
Mem. Inst. C.E. With 183 wood engravings, crown 8vo, cloth, gs. 

Gold: Its Occurrence and Extraction, embracing the 

Geographical and Geological Distribution and the Mineralogical Charac- 
ters of Gold-bearing rocks ; the peculiar features and modes of working 
Shallow Placers, Rivers, and Deep Leads ; Hydraulicing ; the Reduction 
and Separation of Auriferous Quartz ; the treatment of complex Auriferous 
ores containing other metals ; a Bibliography of the subject and a Glossary 
of Technical and Foreign Terms. By Alfred G. Lock, F.R.G.S. With 
numerous illustrations and maps, 1250 py., super-royal 8vo, cloth, 
2.1. \2s. 6d. 
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A Practical Triatise on Coal Mining. * By George 

G. Andre, F.G.S., Assoc. Inst C.E., Member of the Society of Engineers. 
With 82 lithographic plates, 2 vols., royal 4to, cloth, 3/. I2j. 

Iron Roofs : Examples of Design, Description. Illus- 
trated with 64 Working Drawings of Executed Roofs, By Arthur T. 
. Walmisley, Assoc. Mem. Inst C.E. Imp. 4tq, half-morocco, £2 12s, (td. 

A History of Electric Telegraphy \ to the Year 1837. 

Chiefly compiled from Original Sources, and hitherto Unpublished Docu- 
ments, by J. J. Fahie, Mem. Soc. of Tel. Engineers, and of the Inter- 
national Society of Electricians, Paris. Crown 8vo, cloth, 9J. 

Spons* Information for Colonial Engineers. Edited 

by J. T. Hurst. Demy 8vo, sewed. 

No. 1, Ceylon. By Abraham Deane, C.E. 2s, 6d, 

Contents: 

Introductory Remarks— Natural Productions— Architecture and Engineering — Topo- 
graphy, Trade, and Natural History — Principal Stations — Weights and Measures, etc., etc- 

No. 2. Southern Africa, including the Cape Colony, Natal, and tr* « 
. Dutch Republics. By Henry Hall, F.R.G.S., F.R.C.I. WitVi 
Map. 3* . 6d, 

Contents: 

General Description of South Africa — Physical Geography with reference to Engineeri ng 
Operations — Notes on Labour and Material in Cape Colony — Geological Notes on Rocl: 
Formation in South Africa — Engineering Instruments for Use in South Africa — PrincL^aal 
Public Works in Cape Colony: Railways, Mountain Roads and Passes, Harbour Wor-Vcs 
Bridges, Gas Works, Irrigation and Water Supply, Lighthouses, Drainage and Sanitswy 
Engineering, Public Buildings, Mines — Table of Woods in South Africa — Animals used for 
Draught Purposes — Statistical Notes — Table of Distances — Rates of Carriage, etc. " 

No. 3. India. By F. C. Dan vers, Assoc. Inst C.E. With Map. 41. €d. 

Contents: 

Physical Geography of India — Building Materials— Roads— Railways — Bridges — Irriga- 
tion — River Works — Harbours — Lighthouse Buildings — Native .Labour — The Priricipai 
Trees of India— Money— Weights and Measures — Glossary of Indian Terms, etc. 

A Practical Treatise on Casting and Founding, 

including descriptions of the modern machinery employed in the art By 
N. E. Spretson, Engineer. Third edition, with 82 plates drawn to 
scale, 412 pp., demy 8vo, cloth, i&r. 

Steam Heating for Buildings; or, Hints to Steam 

Fitters, being a description of Steam Heating Apparatus for Warming 
and Ventilating Private Houses and Large Buildings, with remarks on 
Steam, Water, and Air in their relation to Heating. By W. J. BALDWIN. 
IVi/h many illustrations* Fourth edition, crown 8vo, cloth, 10s. 6d, 
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The Depreciation of Factories and their Valuation.- 

By Ewing Matheson, M. Inst. C.E. 8vo, cloth, 6s. 

A Handbook of Electrical Testing. By H. R. Kempe, 

M.S.T.E. Third edition, revised and enlarged, crown 8vo, cloth, 15J. 

Gas Works : their Arrangement, Construction, Plant, 

and Machinery. By F. Colyer, M. Inst. C.E. With 31 folding plates, 
8vo, cloth, 24*. 

The Clerk of Works: a Vade-Mecum for all engaged^ 

in the Superintendence of Building Operations. By G. G. Hoskins, 
F.R.I.B.A. Third edition, fcap. 8vo> cloth, is. 6d. 

American Foundry Practice: Treating of Loam, 

Dry Sand, and Green Sand Moulding, and containing a Practical Treatise 
upon the Management of Cupolas, and the Melting of Iron. By T. D. ^ 
West, Practical Iron Moulder and Foundry Foreman. Second edition, 
with numerous illustrations ', crown 8vo, cloth, I or. 6d. ' 

The Maintenance of Macadamised Roads. By T. 

Codrington, M.I.C.E, F.G.S., General Superintendent of County Roads 
for South Wales. 8vo, cloth, 6s. 

m 

Hydraulic Steam and Hand Power Lifting anc 

Pressing Machinery. By Frederick Colyer, M. Inst C.E., M. Inst. M.L. 
With 73 plates, 8vo, cloth, i8j. 

Pumps and Pumping Machinery. By F. Colyer, 

M.I.C.E., M.I.M.E. With 23 folding plates, 8vo, cloth, 12s. 6d. 

The Municipal and Sanitary Engineer s Handbook, 

By H. Percy Boulnois, Mem. Inst. C.E., Borough Engineer, Ports- 
mouth. With numerous illustrations, demy 8vo, cloth, 12s. 6d. 

Contents : 

The Appointment and Duties of the Town Surveyor — Traffic — Macadamised Roadways — 
Steam Rolling— Road Metal and Breaking — Pitched Pavements— Asphalte — Wood Pavements 
— Footpaths — Kerbs and Gutters— Street Naming and Numbering— Street Lighting— Sewer- 
age— Ventilation of Sewers— Disposal of Sewage — House Drainage — Disinfection— Gas and 
Water Companies &c. Breaking up Streets — Improvement of Private Streets — Borrowing 
Powers— Artizans' and Labourers' Dwellings — Public Conveniences — Scavenging, including 
Street Cleansing— Watering and the Removing of Snow— Planting Street Trees — Deposit of 
Plans — Dangerous Buildings— Hoardings— Obstructions — Improving Street Lines— Cellar 
Openings — Public Pleasure Grounds — Cemeteries— Mortuaries — Cattle and Ordinary Markets 
— Public Slaughter-houses, etc— Giving numerous Forms of Notices, Specifications, and 
General Information upon these and other subjects of great importance to Municipal Engi- 
neers and others engaged in Sanitary Work. 
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Tables of the Principal Speeds occurring in Mechanical 

Engineering, expressed in metres in a second. By P. Keerayeff, Chief 
Mechanic of the Obouchoff Steel NYorks, St Petersburg ; translated by 
Sergius Keen, M.E. Fcap. 8vo, sewed, 6d. 

A Treatise on the Origin, Progress, Prevention, and 

Cure of Dry Rot in Timber; with Remarks on the Means of Preserving 
Wood from Destruction by Sea- Worms, Beetles, Ants, etc By Thomas 
Allen Britton, late Surveyor to the Metropolitan Board of Works, 
etc, etc With 10 plates, crown 8vo, cloth, Js. 6d. 

Metrical Tables. By G. L. Molesworth, M.I.C.E. 

32mo, cloth, is. 6d. 

Contents. 

General-Linear Measures — Square Measures — Cubic Measures— Measures of Ca p ac ity — 
Weights— Combinations — Thermometers. 

Elements of Construction for Electro-Magnets. By 

Count Th. Dr Moncel, Mem. de lTnstitut de France. Translated from 
the French by C. J. Wharton. Crown Svo, cloth, 4*. 6d. 

Electro- Telegraphy. By Frederick S. Beechey, 

Telegraph Engineer. A Book for Beginners. Illustrated. Fcap. 8vo, 
sewed, 6d. 

Handrailing: by the Square Cut. By John Jones, 

Staircase Builder. Fourth edition, vrith seven plates, 8vo, cloth, 3*. 6d. 

/landrailing: by the Square Cut. By John Jones, 

Staircase Builder. - Part Second, with eight plates, 8vo, cloth, 3s. 6d. 

Practical Electrical Units Popularly Explained, with 

v.\- w«*»vrtj u.'ustraiifns and Remarks. By James Swinburne, late of 
)• NY, Swan and Co., Paris, late of Brush-Swan Electric Light Company, 
I .S.A. iSmv\ cloth, u. 6*/. 

/ V tlipp AV/ S \\ Inventor of the Telephone: A Biographical 

Sketch. NYith IVKumeutarv Testimony, Translations of the Original 
\ upew ot the luveiuor, &c. By Silvan us P. Thompson, a A., Dr. Sc t 
I ivto*sor ol Kxperimeutal Phvsics in University College, Bristol. With 

•'...'..». 'ti.\v^c, $\v\ cloth, 7 j. 6«/. 

i localise on the Use of Belting for the Transmis- 

YV" '**""• **> ^ H * ^^EK. Second edition, illustrated* 8vo, 
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A Pocket-Book of Useful Formula and Memoranda 

for Civil and Mechanical Engineers, By GUILFORD L. MOLESWORTH, 
Mem. Inst. C.E., Consulting Engineer to the Government of India for 
State Railways. With numerous illustrations, 744 pp.. Twenty-first 
edition, revised and enlarged, 32mo, roan, 6s. 

Synopsis of Contents: 

Surveying, Levelling, etc.— Strength and Weight of Materials— Earthwork, Brickwork, 
Masonry, Arches, etc. — Struts, Columns, Beams, and Trusses— Flooring, Roofing, and Roof 
Trusses— Girders, Bridges, etc. — Railways and Roads — Hydraulic Formula — Canals, Sewers, 
Waterworks, Docks — Irrigation and Breakwaters — Gas, Ventilation, and Warming— Heat, 
Light, Colour, and Sound— Gravity : Centres, Forces, and Powers — Millwork, Teeth of 
Wheels, Shafting, etc.— Workshop Recipes — Sundry Machinery— Animal Power — Steam and 
the Steam Engine— Water-power, Water-wheels, Turbines, etc — Wind and Windmills- 
Steam Navigation, Ship Building, Tonnage, etc. — Gunnery, Projectiles, etc.— Weights, 
Measures, and Money— Trigonometry, Conic Sections, and Curves— Telegraphy — Mensura- 
tion — Tables of Areas and Circumference, and Arcs of Circles — Logarithms, Square and 
Cube Roots, Powers — Reciprocals, etc. — Useful Numbers— Differential and Integral Calcu- 
lus — Algebraic Signs — Telegraphic Construction and Formulae. 

Spons Tables and Memoranda for Engineers; 

selected and arranged by J. T. Hurst, C.E., Author of 'Architectural 
Surveyors' Handbook,' ' Hurst's Tredgold's Carpentry,' etc. Fifth edition, 
641110, roan, gilt edges, is. ; or in cloth case, is. 6d. 

This work is printed in a pearl type, and is so small, measuring only 2± in. by if in. by 
5 in. thick, that it may be easily carried in the waistcoat pocket. 

" It is certainly an extremely rare thing for a reviewer to be called upon to notice a volume 
measuring but 2$ in. by if in., yet these dimensions faithfully represent the size of the handy 
little book before us. The volume — which contains 1x8 printed pages, besides a few blank 
pages for memoranda — is, in fact, a true pocket-book, adapted for being carried in the waist- 
coat pocket, and containing a far greater amount and variety of information than most people 

would imagine could be compressed into so small a space The little volume has been 

compiled with considerable care and judgment, and we can cordially recommend it to our 
readers as a useful little pocket companion." — Engineering. 

A Practical Treatise on Natural and Artificial 

Concrete, its Varieties and Constructive Adaptations. By Henry Reid, 
Author of the ' Science and Art of the Manufacture of Portland Cement.' 
New Edition, with 59 woodcuts and $ plates, 8vo, cloth, 15J. 

Hydrodynamics : Treatise relative to the Testing of 

Water- Wheels and Machinery, with various other matters pertaining to 
Hydrodynamics. By James Emerson. With numerous illustrations, 
360 pp. Third edition, crown 8vo, cloth, 4s. 6d. 

Electricity as a Motive Power. By Count Th. Drj 

Moncel, Membre de l'lnstitut de France, and Frank Geraldy, Inge- 
nieur des Ponts et Chaussees. Translated and Edited, with Additions, by 
C. J. Wharton, Assoc. Soc. Tel. Eng. and Elec. With 113 engravings 
and diagrams, crown 8vo, cloth, Js. 6d. 

Hints on Architectural Draughtsmanship. By G. W. 

Tuxford Hallatt. Fcap. 8vo,' cloth, is. 6d. 
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Treatise on Valve-Gears, with special consideration 

of the Link-Motions of Locomotive Engines. By Dr. Gustav Zeunek. 
Professor of Applied Mechanics at the Confederated Polytechnikum of 
Zurich. Translated from the Fourth German Edition, by Professor J. F. 
Klein, Lehigh University, Bethlehem, Pa. Illustrated, 8vo, cloth, 12s. (hi. 

The French- Polishers Manual. By a French- 

Polisher; containing Timber Staining, Washing, Matching, Improving, 
Painting, Imitations, Directions for Staining, Sizing, Embodying, 
Smoothing, Spirit Varnishing, French-Polishing, Directions for Re- 
polishing. Third edition, royal 32mo, sewed, 6d. 

Hops, their Cultivation, Commerce, and Uses in 

various Countries. By P. L. Simmonds. Crown 8vo, cloth, 4*. 6d. 

A Practical Treatise on tlte Manufacture and Distri- 
bution of Coal Gas. By William Richards. Demy 4to, with numerous 
wood engravings and 29 plates, cloth, 2&r. 

Synopsis of Contents : 

Introduction — History of Gas Lighting — Chemistry of Gas Manufacture, by Lewis 
Thompson, Esq., M.R.C.S.— Coal, with Analyses, by J. Paterson, Lewis Thompson, and 
G. R. Hislop, Esqrs.— Retorts, Iron and Clay — Retort Setting — Hydraulic Main — Con- 
densers—Exhausters — Washers and Scrubbers — Purifiers — Purification — History of Gas 
Holder — Tanks, Brick and Stone, Composite, Concrete, Cast-iron, Compound Annular 
Wrought-iron — Specifications — Gas Holders — Station M eter — Governor — Distribution— 
Mains — Gas Mathematics, or Formulae for the Distribution of Gas, by Lewis Thompson, Esq- — 
Services— Consumers' Meters— Regulators — Burners — Fittings— Photometer— Carburization 
of Gas— Air Gas and Water Gas— Composition of Coal Gas, by Lewis Thompson, Esq. — 
Analyses of Gas— Influence of Atmospheric Pressure and Temperature on Gas — Residual 
Products— Appendix — Description of Retort Settings, Buildings, etc., etc 

Practical Geometry, Perspective, and Engineering 

Drawing; a Course of * Descriptive Geometry adapted to the Require- 
ments of the Engineering Draughtsman, including the determination of 
cast shadows and Isometric Projection, each chapter being followed by 
numerous examples ; to which are added rules for Shading, Shade-lining, 
etc., together with practical instructions as to the Lining, Colouring, 
Printing, and general treatment of Engineering Drawings, with a chapter 
on drawing Instruments. By George S. Clarke, Capt. R.E. Second 
edition, with 21 plates. 2 vols., cloth, 10s. 6d. 

The Elements of Graphic Statics. By Professor 

Karl Von Ott, translated from the German by G. S. Clarke, Capt. 
R.E., Instructor in- Mechanical Drawing, Royal Indian Engineering 
College. With 93 illustrations, crown 8vo, cloth, $s. 

The Principles of Graphic Statics. By George 

Sydenham Clarke, Capt. Royal Engineers. With 112 illustrations. 
4to, cloth, I2J-. 6d. 

Dynamo-Electric Machinery : A Manual for Students 

of Electro-technics. By Silvanus P. Thompson, B.A., D.Sc, Professor 
* of Experimental Physics in University College, Bristol, etc., etc. Illus- 
trated \ 8vo, cloth, 1 2 j* 6d. 
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The New Formula for Mean Velocity of Discharge 

of Rivers and Canals. By W. R. Kutter. Translated from articles in 
the ' Cultur-Ingenieur,' by Lowis D'A. Jackson, Assoc. Inst. C.E. 
8vo, cloth, 1 2 j. 6d. 

Practical Hydraulics ; a Series of Rules and Tables 

for the use of Engineers, etc., etc. By Thomas Box. Fifth edition, 
numerous plates, post 8vo, cloth, 5^ 

A Practical Treatise on the Construction of Hori- 
zontal and Vertical Waterwheels, specially designed for the use of opera- 
tive mechanics. By William Cullen, Millwright and Engineer. With 
11 plates. Second edition, revised and enlarged, small 4to, cloth, \zs. dd. 

Tin: Describing the Chief Methods of Mining, 

Dressing and Smelting it abroad ; with Notes upon Arsenic, Bismuth and 
Wolfram. By Arthur G. Charleton, Mem. American Inst, of 
Mining Engineers. With plates, 8vo, cloth, I2j. 6d. 

Perspective^ Explained and Illustrated. By G. S. 

Clarke, Capt. R.E. With illustrations , 8vo, cloth, 3J. 6d. 

The Essential Elements of Practical Mecltanics ; 

based on the Principle of Work, designed for Engineering Students. By 
Oliver Byrne, formerly Professor of Mathematics, College for Civil 
Engineers. Third edition, with 148 wood engravings, post 8vo, cloth, 
is. 6d. 

Contents : 

Chap. 1. How Work is Measured by a Unit, both with and without reference to a Unit 
of Time — Chap. 2. The Work of Living Agents, the Influence of Friction, and introduces 
one of the most beautiful Laws of Motion — Chap. $. The principles expounded in the first and 
second chapters are applied to the Motion of Bodies — Chap. 4. The Transmission of Work by 
simple Machines — Chap. 5. Useful Propositions and Rules. 

The Practical Millwright and Engineers Ready 

Reckoner; or Tables for finding the diameter and power of cog-wheels, 
diameter, weight, and power of shafts, diameter and strength of bolts, etc. 
By Thomas Dixon. Fourth edition, i2mo, cloth, 3*. 

Breweries and Mailings : their Arrangement, Con- 
struction, Machinery, and Plant. ByG. Scamell, F.R.I.B.A. Second 
edition, revised, enlarged, and partly rewritten. By F. Colyer, M.I.C.E., 
M.I.M.E. With 20 plates, 8vo, cloth, iSs. 

A Practical Treatise on the Manufactzire of Starch, 

Glucose, Starch-Sugar, and Dextrine, based on the German of L. Von 
Wagner, Professor in the Royal Technical School, Buda Pesth, and 
other authorities. By Julius Frankel ; edited by Robert Hutter, 
proprietor of the Philadelphia Starch Works. With 58 illustrations, 
344 pp., 8vo, cloth, i8j. 



io CATALOGUE OF SCIENTIFIC BOOKS 

A Practical Treatise on Mill-gearing, Wheels, Shafts, 

Riggers, etc. ; for the use of Engineers. By Thomas Box. Third 
edition, with 1 1 plates. Crown 8vo, cloth, Js. 6d. 

3 fining Machinery: a Descriptive Treatise on the 

Machinery, Tools, and other Appliances used in Mining. By G. G. 
Andre, F.G.S., Assoc. Inst. C.E., Mem. of the Society of Engineers. 
Royal 4to, uniform with the Author's Treatise on Coal Mining, con- 
taining 182 plates, accurately drawn to scale, with descriptive text, in 
2 vols., cloth, 3/. I2J. 

Contents : 

Machinery for Prospecting, Excavating, Hauling, and Hoisting — Ventilation — Pumping — 
Treatment of Mineral Products, including Gold and Silver, Copper, Tin, and Lead, Iron, 
Coal, Sulphur, China Clay, Brick Earth, etc. 

Tables for Setting out Curves for Railways, Canals, 

Roads, etc,, varying from a radius of five chains to three miles. By A. 
Kennedy and R. W. Hackwood. Illustrated, 321110, cloth, 2s. 6d. 

The Science and A rt of the Manufacture of Portland 

Cement, with observations on some of its constructive applications. With 
66 illustrations. By Henry Reid, C.E., Author of *A Practical 
Treatise on Concrete,' etc., etc. 8vo, cloth, i8j. 

The Draughtsman s Handbook of Plan and Map 

Drawing; including instructions for the preparation of Engineering, 
Architectural, and Mechanical Drawings. With numerous illustrations 
in the text, and 33 plates (15 printed in colours). By G. G. Andre. 
F.G.S., Assoc. Inst. C.E. 4to, cloth, 9*. 

Contents : 

The Drawing Office and its Furnishings — Geometrical Problems — Lines, Dots, and their 
Combinations—Colours, Shading, Lettering, Bordering, and North Points — Scales — Plotting 
—Civil Engineers' and Surveyors' Plans — Map Drawing? — Mechanical and Architectural 
Drawing — Copying and Reducing Trigonometrical Formulae, etc., etc. 

The Boiler-maker s andiron Ship-builder s Companion, 

comprising a series of original and carefully calculated tables, of the 
utmost utility to persons interested in the iron trades. By James Foden, 
author of * Mechanical Tables,' etc. Second edition revised, with illustra- 
tions, crown 8vo, cloth, 5^. 

Rock Blasting: a Practical Treatise on the means 

employed in Blasting Rocks for Industrial Purposes. By G. G. Andre, 
F.G.S., Assoc. Inst. C.E. With 56 illustrations and 12 plates, 8vo, cloth, 
\os. 6d. 

Painting and Painters Manual: a Book of Facts 

for Painters and those who Use or Deal in Paint Materials. By C L. 
• Condit and J. Scheller. Illustrated, 8vo, cloth, 10s. 6d. 
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A Treatise on Ropemaking as practised in public and 

private Rope-yards, with a Description of the Manufacture, Rules, Tables 
of Weights, etc., adapted to the Trade, Shipping, Mining, Railways, 
Builders, etc. By R. Chapman, formerly foreman to Messrs. Huddart 
and Co., Limehouse, and late Master Ropemaker to H.M. Dockyard, 
Deptford. Second edition, i2mo, cloth, $s. 

Laxtons Builders and Contractors Tables ; for the 

use of Engineers, Architects, Surveyors, Builders, Land Agents, and 
others. Bricklayer, containing 22 tables, with nearly 30,000 calculations. 
4to, cloth, $s. 

Laxtons Builders and Contractors Tables. Ex- 
cavator, Earth, Land, Water, and Gas, containing 53 tables, with nearly 
24,000 calculations. 4to, cloth, 5-r. 

Sanitary Engineering: a Guide to the Construction 

of Works of Sewerage and House Drainage, with Tables for facilitating 
the calculations of the Engineer. By Baldwin Latham, C.E., M. Inst. 
C.E., F.G.S., F.M.S., Past-President of the Society of Engineers. Second 
edition, with numerous plates and woodcuts, 8vo, cloth, 1 1. 10s. 

Screw Cutting Tables for Engineers and Machinists, 

giving the values of the different trains of Wheels required to produce 
Screws of any pitch, calculated by Lord Lindsay, M.P., F.R.S., F.R.A.S., 
etc. Cloth, oblong, 2s. 

Screw Cutting Tables, for the use of Mechanical 

Engineers, showing the proper arrangement of Wheels for cutting the 
Threads of Screws of any required pitch, with a Table for making the 
Universal Gas-pipe Threads and Taps. By W. A. Martin, Engineer. 
Second edition, oblong, cloth, is., or sewed, 6d. 

A Treatise on a Practical Method of Designing Slide- 

Valve Gears by Simple Geometrical Construction, based upon the principles 
enunciated in Euclid's Elements, and comprising the various forms of 
Plain Slide- Valve and Expansibn Gearing ; together with Stephenson's, 
Gooch's, and Allan's Link-Motions, as applied either to reversing or to 
variable expansion combinations. By P^dward J. Cowling Welch, 
Memb. Inst. Mechanical Engineers. Crown 8vo, cloth, 6s. 

Cleaning and Scouring : a Manual for Dyers, Laun- 
dresses, and for Domestic Use. By S. Christopher. i8mo, sewed, 6d. 

A Handbook of House Sanitation ; for the use of all 

persons seeking a Healthy Home. A reprint of those portions of Mr. 
Bailey-Denton's Lectures on Sanitary Engineering, given before the 
School of Military Engineering, which related to the "Dwelling," 
enlarged and revised by his Son, E. F. Bailey-Denton, C.E., B.A. 
With 140 illuHrai : ons , 8vo, cloth. 8<-. 6./. 



i2 CATALOGUE OF SCIENTIFIC BOOKS 



A Glossary of Terms used in Coal Mining. By 

William Stukeley Gresley, Assoc. Mem. Inst. C.E., F.G.S., Member 
of the North of England Institute of Mining Engineers. Illustrated wiik 
numerous woodcuts and diagrams, crown 8vo, cloth, 5^. 

A Pocket-Book for Boiler Makers and Steam Users, 

comprising a variety of useful information for Employer and Workman, 
Government Inspectors, Board of Trade Surveyors, Engineers in charge 
of Works and Slips, Foremen of Manufactories, and the general Steam- 
using Public. By Maurice John Sexton. Second edition, royal 
32mo, roan, gilt edges, $s. 

The Strains upon Bridge Girders and Roof Trusses, 

including the Warren, Lattice, Trellis, Bowstring, arid other Forms of 
Girders, the Curved Roof, and Simple and Compound Trasses. By 
Thos. Cargill, C.E.B.A.T., CD., Assoc. Inst. C.E., Member of the 
Society of Engineers. With 64 illustrations -, drawn and worked out to scale, 
8vo, cloth, 12s. 6d. • 

A Practical Treatise on the Steam Engine, con- 
taining Plans and Arrangements of Details for Fixed Steam Engines, 
with Essays on the Principles involved in Design and Construction. By 
Arthur Rigg, Engineer, Member of the Society of Engineers and of 
the Royal Institution of Great Britain. Demy 4to, copiously illustrated 
with woodcuts and 96 plates, in one Volume, half- bound morocco, 2/. 2s. ; 
or cheaper edition, cloth, 25^. 

This work is not, in any sense, an elementary treatise, or history of the steam engine, but 
is intended to describe examples of Fixed Steam Engines without entering into the wide 
domain of locomotive or marine practice. To this end illustrations will be given of the most 
recent arrangements of Horizontal, Vertical, Beam, Pumping, Winding, Portable, Semi- 
portable, Corliss, Allen, Compound, and other similar Engines, by the most eminent Firms in 
Great Britain and America. The laws relating to the action and precautions to be observed 
in the construction of the various details, such as Cylinders, Pistons, Piston-rods, Connecting- 
rods, Cross-heads, Motion- blocks, Eccentrics, Simple, Expansion, Balanced, and Equilibrium 
Slide-valves, and Valve-gearing will be minutely dealt with. In this connection will be found 
articles upon the Velocity of Reciprocating Parts and the Mode, of Applying the Indicator, 
Heat and Expansion of Steam Governors, and the like. It is the writer's desire to draw 
illustrations from every possible source, and give only those rules that present practice deems 
correct.] 

Barlow s Tables of Squares, Cubes, Square Roots, 

Cube Roots, Reciprocals of all Integer Numbers up to 10,000. Post 8vo, 
cloth, 6s. 

Camus {M) Treatise on the Teeth of Wheels, demon- 
strating the best forms which can be given to them for the purposes of 
Machinery, such as Mill-work and Clock-work, and the art of finding 
their numbers. Translated from the French, with details of the present 
;>ractice of Millwrights, Engine Makers, and other Machinists, by 
Isaac IfAWKlNS. Third edition, with 18 plates, 8vo, cloth, $s. 
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A Practical Treatise on the Science of Land and 

Engineering Surveying, Levelling, Estimating Quantities, etc., with a 
general description of the several Instruments required for Surveying, 
Levelling, Plotting, etc. By H. S. Merrett. Third edition, 41 plates 
with illustrations and tables, royal 8vo, cloth., 12s. 6d. 

Principal Contents : 

Part 1. Introduction and the Principles of Geometry. Part 2. Land Surveying; com- 

Sising General Observations — The Chain — Offsets Surveying by the Chain only — Surveying 
illy Ground — To Survey an Estate or Parish by the Chain only — Surveying with the 
Theodolite — Mining and Town Surveying — Railroad Surveying — Mapping— Division and 
Laying out of Land — Observations on Enclosures — Plane Trigonometry. Part 3. Levelling— 
Simple and Compound Levelling— The Level Book — Parliamentary Plan and Section- 
Levelling with a Theodolite — Gradients — Wooden Curves— To Layout a Railway Curve- 
Setting out Widths. Part 4. Calculating Quantities generally for Estimates — Cuttings and 
Embankments— Tunnels— Brickwork — Ironwork — Timber Measuring. Part 5. Description 
and Use of Instruments in Surveying and Plotting — The Improved Dumpy Level— Troughton's 
Level — The Prismatic Compass — Proportional Compass— Box Sextant — Vernier— Panta- 
graph — Merrett's Improved Quadrant— Improved Computation Scale — The Diagonal Scale — 
Straight Edge and Sector. Part 6. Logarithms of Numbers — Logarithmic Sines and 
Co-Sines, Tangents and Co-Tangents — Natural Sines and Co-Sines— Tables for Earthwork, 
for Setting out Curves, and for various Calculations, etc., etc., etc. 

Saws: the History, Development, Action, Classifica- 
tion, and Comparison of Saws of all kinds. By Robert Grimshaw. 
With 220 illustrations, 410, cloth, \2s. 6d. 

A Supplement to the above ; containing additional 

practical matter, more especially relating to the forms of Saw Teeth for 
special material and conditions, and to the behaviour of Saws under 
particular conditions. With 120 illustrations, cloth, gs. 

A Guide for the Electric Testing of Telegraph Cables. 

By Capt. V. Hoskicer, Royal Danish Engineers. With illustrations > 
second edition, crown 8vo, cloth, 4^. 6d. 

Laying and Repairing Electric Telegraph Cables. By 

Capt V. Hoskker, Royal Danish Engineers. Crown Svo, cloth, 
3*. 6d. 

A Pocket- Book of Practical Rules for the Proportions 

oj Modern Engines and Boilers for Land and Marine purposes. By N. P. 
Burgh. Seventh edition, royal 32mo, roan, 4s. 6d. 

The Assayers Manual: an Abridged Treatise on 

the Docimastic Examination of Ores and Furnace and other Artificial 
Products. By Bruno Kerl. Translated by \V. T. Brannt. With 65 
illustrations, 8vo, cloth, 12s. 6d. 

The Steam Engine considered as a Heat Engine : a 

Treatise on the Theory of the Steam Engine, illustrated by Diagrams, 
Tables, and Examples from Practice. By Jas. H. Cotterill, M.A., 
F.R.S., Professor of Applied Mechanics in the Royal Naval College. 
3vo, cloth, 12s. 6d. 
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Electricity: its Theory, Sources, and Applications. 

By J. T. Sprague, M.S.T.E. Second edition, revised and enlarged, with 
numerous illustrations , crown 8vo, cloth, 15J. ' 

The Practice of Hand Turning in Wood, Ivory \ Shell, 

etc, with Instructions for'Turning such Work in Metal as may be required 
in the Practice of Turning in Wood, Ivory, etc. ; also an Appendix on 
Ornamental Turning. (A book for beginners.) By Francis C ampin. 
Third edition, with wood engravings, crown 8yo, cloth, 6s, 

Contents : 

On Lathes — Turning Tools — Turning Wood — Drillings-Screw Cutting — Miscellaneous 
Apparatus and Processes — Turning Particular Forms — Staining — Polishing — Spinning Metals 
— Materials — Ornamental Turning, etc. 

Health and Comfort in House Building, or Ventila- 
tion with Warm Air by Self- Acting Suction Power, with Review of the 
mode of Calculating the Draught in Hot- Air Flues, and with some actual 
Experiments. By J. Drysdale, M.D., and J. W. Hayward, M.D. 
Second edition, with Supplement, with plates, demy 8vo, cloth, 7s. 6d, 

Treatise on Watchwork, Past and Present. By the 

Rev. H. L. Nelthropp, M.A., F.S.A. With 32 illustrations, crown 
8vo, cloth, 6s, 6d, 

Contents : 

Definitions of Words and Terms used in Watchwork— Tools — Time — Historical Sum- 
mary — On Calculations of the Numbers for Wheels and Pinions ; their Proportional Sizes, 
Trains, etc. — Of Dial Wheels, or Motion Work — Length of Time of Going without Winding 
up — The Verge— The Horizontal — The Duplex — The Lever — The Chronometer — Repeating 
Watches— Keyless Watches— 'The Pendulum, or Spiral Spring— Compensation — Jewelling of 
Pivot Holes — Clerkenwell — Fallacies of the Trade— Incapacity of Workmen — How to Choose 
and Use a Watch, etc. 

Notes in Mechanical Engineering. Compiled prin- 
cipally for the use of the Students attending the Classes on this subject at 
the City of London College. By Henry Adams, Mem. Inst. M.E., 
Mem. Inst. C.E., Mem. Soc. of Engineers. Crown 8vo, cloth, 2x. 6d. 

Algebra Self-Taught. By W. P. Higgs, M.A., 

D.Sc, LL.D., Assoc. Inst C.E., Author of ' A Handbook of the Differ- 
ential Calculus,' etc. Second edition, crown 8vo, cloth, 2s, 6d. 

Contents : 

Symbols and the Signs of Operation — The Equation and the Unknown Quantity — 
Positive and Negative Quantities — Multiplication — Involution — Exponents — Negative Expo- 
nents — Roots, and the Use of Exponents as Logarithms — Logarithms — Tables of Logarithms 
and Proportionate Parts — Transformation of System of Logarithms — Common Uses of 
Common Logarithms — Compound Multiplication and the Binomial Theorem — Division, 
Fractions, and Ratio — Continued Proportion — The Series and the Summation of the Series- 
Limit of Series — Square and Cube Roots — Equations — List of Formulae, etc 

Spons Dictionary of Engineering, Civil, Mechanical, 

Military, and Naval; with technical terms in French, German, Italian, 
and Spanish, 31 00 pp., and nearly £000 engravings, in super-royal 8vo, 
in 8 divisions, 5/. Sj. Complete in 3 vols., cloth, .5/. $s. Bound in a 
superior manner, half-morocco, top edge gilt, 3 vols., 61, 12s, 
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SPONS' DICTIONARY OF ENGINEERING. 
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Abacus, Counters, Speed 
Indicators, and Slide 
Rule. 

Agricultural Implements 
and Machinery. 

Air Compressors. 

Animal Charcoal Ma- 
chinery. ' 

Antimony. 

Axles and Axle-boxes. 

Barn Machinery. 

Belts and Belting. 

Blasting. Boilers. 1 

Brakes. 

Brick Machinery. 

Bridges. 

Cages for Mines. 

Calculus, Differential and 
Integral. 

Canals. 

Carpentry. 

Cast Iron. . 

Cement, Concrete, j 
Limes, and Mortar. 

Chimney Shafts. 

1 
Coal Cleansing and 

Washing. 



Coal Mining. 

Coal Cutting Machines. 

Coke Ovens. Copper. 

Docks. Drainage. 

Dredging Machinery. 

Dynamo - Electric and 
Magneto-Electric Ma- 
chines. 

Dynamometers. 

Electrical Engineering, I 
Telegraphy, Electric 
Lighting and its prac- 

1 

ticaldetails,Telephones i 
Engines, Varieties of. 
Explosives. Fans. 
Founding, Moulding and 

the practical work of 

the Foundry. 
Gas, Manufacture of. 
Hammers, Steam and 

other Power. 
Heat. Horse Power. 
Hydraulics. 
Hydro-geology. 
Indicators. Iron. > 

Lifts, Hoists, and Eleva- : 

tors. 



Lighthouses, Buoys, and 
Beacons. 

Machine Tools. 

Materials of Construc- 
tion. 

Meters. 

Ores, Machinery and 
Processes employed to 
Dress. 

Piers. 

Pile Driving. 

Pneumatic Transmis 
sion. 

Pumps. 

Pyrometers. 

Road Locomotives. 

Rock Drills. 

Rolling Stock. 

Sanitary Engineering. 

Shafting. 

Steel. 

Steam Navvy. 

Stone Machinery. 

Tramways. 

Well Sinking. 
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NOW COMPLETE. 

With nearly 1500 illustrations •, in super-royal 8vo, in 5 Divisions, cloth. 
Divisions 1 to 4, i$s. 6d. each ; Division 5, 17.J. 6d. ; or 2 vols., cloth, ,£3 iar. 
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INDUSTRIAL ARTS, MANUFACTURES, AND COMMERCIAL 

PRODUCTS. 

Edited by C. G. WARNFORD LOCK, F.L.S. 

Among the more important of the subjects treated of, are the 
following : — 



Acids, 207 pp. 220 figs. 
Alcohol, 23 pp. 16 figs. 
Alcoholic Liquors, 13 pp. 
Alkalies, 89 pp. 78 figs. 
Alloys. Alum. 

Asphalt. Assaying. 
Beverages, 89 pp. 29 figs. 
Blacks. 

Bleaching Powder, 15 pp. 
Bleaching, 5 1 pp. 48 figs. 
Candles, 18 pp. 9 figs. 
Carbon Bisulphide. 
Celluloid, 9 pp. 
Cements. Clay. 
Coal-tar Products, 44 pp. 

14 figs. 
Cocoa, 8 pp. 
Coffee, 32 pp. 13 figs. 
Cork, 8 pp. 17 figs. 
Cotton Manufactures, 62 

PP. 57 ngs. 
Drugs, 38 pp. 
Dyeing and Calico 

Printing, 28 pp. 9 figs. 
Dyestuffs, 16 pp. 
Electro-Metallurgy, 13 

PP- 
Explosives, 22 pp. 33 figs. 

Feathers. 

Fibrous Substances, 92 

pp. 79 figs. 
Floor-cloth, 1 6 pp. 21 

figs. 
Food Preservation, 8 pp. 
Fruit, 8 pp. 



Fur, 5 pp. 

Gas, Coal, 8 pp. ! 

Gems. 

Glass, 45 pp. 77" figs. ; 

Graphite, 7 pp. 

Hair, 7 pp. 

Hair Manufactures. 

Hats, 26 pp. 26 figs. 

Honey. Hops. 

Horn. 

Ice, 10 pp. 14 figs. 

Indiarubber Manufac- 
tures, 23 pp. 17 figs. 

Ink, 17 pp. 

Ivory. 

Jute Manufactures, 1 1 
pp., 11 figs. 

Knitted Fabrics — 
Hosiery, 15 pp. 13 figs. 

Lace, 13 pp. 9 figs. 

Leather, 28 pp. 31 figs. 

Linen Manufactures, 16 
pp. 6 figs. 

Manures, 21 pp. 30 figs. 

Matches, 17 pp. 38 figs. 

Mordants, 13 pp. 

Narcotics, 47 pp. 

Nuts, 10 pp. 

Oils and Fatty Sub- 
stances, 125 pp. 

Paint. 

Paper, 26 pp. 23 figs. 

Paraffin, 8 pp. 6 figs. 

Pearl and Coral, 8 pp. 

Perfumes, 10 pp. 



Photography, 13 pp. 20 

figs. 
Pigments, 9 pp. 6 figs. 
Pottery, 46 pp. 57 figs. 
Printing and Engraving, 

20 pp. 8 figs. 
Rags. 
Resinous and Gummy 

Substances, 75 pp. 16 

figs. 
Rope, 16 pp. 17 figs. 
Salt, 31pp. 23 figs. 
Silk, 8 pp. 
Silk Manufactures, 9 pp. 

11 figs. 
Skins, 5 pp. 
Small Wares, 4 pp. 
Soap and Glycerine, 39 

pp. 45 figs. 
Spices, 16 pp. 
Sponge, 5 pp. 
Starch, 9 pp. 10 figs. 
Sugar, 155 pp. 134 

figs. 
Sulphur. 
Tannin, 18 pp. 
Tea, 12 pp. 
Timber, 13 pp. 
Varnish, 15 pp. 
Vinegar, 5 pp. 
Wax, 5 pp. 
Wool, 2 pp. 
Woollen Manufactures, 

58 pp. 39 figs. 
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Bookbinding. 

Bronzes and Bronzing. 

Candles. 

Cement. 

Cleaning. 

Colourwashing. 

Concretes. 

Dipping Acids. 

Drawing Office Details. 

Drying Oils. 

Dynamite. 

Electro - Metallurgy — 
(Cleaning, Dipping, 
Scratch-brushing, Bat- 
teries, Baths, and 
Deposits of every 
description). 

Enamels. 

Engraving on Wood, 
Copper, Gold, Silver, 
Steel, and Stone. 

Etching and Aqua Tint. 

Firework Making — 
(Rockets, Stars, Rains, 
Gerbes, Jets, Tour- 
billons, Candles, Fires, 
Lances,Lights, Wheels, 
Fire-balloons, and 
minor Fireworks). 

Fluxes. 

Foundry Mixtures. 



Synopsis of Contents. 

Freezing. j 

Fulminates. I 

Furniture Creams, Oils, i 

Polishes, • Lacquers, 

and Pastes. * 
Gilding. 
Glass Cutting, Cleaning, 

Frosting, Drilling, 

Darkening, Bending, j 

Staining, and Paint- : 

ing. 
Glass Making. 
Glues. 
Gold. 
Graining. 
Gums: 
Gun Cotton. 
Gunpowder. 
Horn Working. 
Indiarubber, 
Japans, Japanning, and 

kindred processes. 
Lacquers. 
Lathing. 
Lubricants. 
Marble Working. 
Matches. 
Mortars. 
Nitroglycerine. 
Oils. 



Paper. 

Paper Hanging. 

Painting in Oils, in Water 
Colours, as well as 
Fresco, House, Trans- 
parency, Sign, and 
Carriage Painting. 

Photography. 

Plastering. 

Polishes. 

Pottery— (Clays, Bodies, 
Glazes, Colours, Oils, 
Stains, * Fluxes, Ena- 
mels, and Lustres). 

Scouring. 

Silvering. 

Soap. 

Solders. 

Tanning. 

Taxidermy. 

Tempering Metals. 

Treating Horn, Mother- 
o'-Pearl, and like sub- 
stances. 

Varnishes, Manufacture 
and Use of. 

Veneering. 

Washing. 

Waterprofing. 

Welding. 



Besides Receipts relating to the lesser Technological matters and processes 
such as the manufacture and use of Stencil Plates, Blacking, Crayons, Paste, 
Putty, Wax, Size, Alloys, Catgut, Tunbridge Ware, Picture Frame and 
Architectural Mouldings, Compos, Cameos, and others too numerous to 
mention. 
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In demy 8vo, cloth, 600 pages, and 1420 Illustrations, 6s. 

SPONS' 
MECHANIC'S OWN BOOK; 

1 

A MANUAL FOR HANDICRAFTSMEN AND AMATEURS. 



Contents. 



Mechanical Drawing — Casting and Founding in Iron, Brass, Bronze, 
and other Alloys — Forging and Finishing Iron — Sheetmetal Working 
— Soldering, Brazing, and Burning — Carpentry and Joinery, embracing 
descriptions of some 400 Woods, over 200 Illustrations of Tools and 
their uses, Explanations (with Diagrams) of 116 joints and hinges, and 
Details of Construction of Workshop appliances, rough furniture, 
Garden and Yard Erections, and House Building — Cabinet-Making 
and Veneering — Carving and Fretcutting — Upholstery — Painting, 
Graining, and Marbling — Staining Furniture, Woods, Floors, and 
Fittings — Gilding, dead and bright, on various grounds — Polishing 
Marble, Metals, and Wood — Varnishing — Mechanical movements, 
illustrating contrivances for transmitting motion — Turning in Wood 
and Metals — Masonry, embracing Stonework, Brickwork, Terracotta, 
and Cohcrete-^Roofing with Thatch, Tiles, Slates, Felt, Zinc, Sec- 
Glazing with and without putty, and lead glazing — Plastering and 
Whitewashing— Paper-hanging— Gas-fitting — Bell-hanging, ordinary 
and electric Systems — Lighting — Warming — Ventilating — Roads, 
Pavements, and Bridges — Hedges, Ditches, and Drains — Water 
Supply and Sanitation —Hints on House Construction suited to new 
countries. 
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